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ABSTRACT 


The Blairmore Group of the southern Alberta Foothills is a 
succession of continentally-deposited sedimentary rocks with which 
little has been done in terms of statistical cyclicity analysis and 
for which few inferences have been made about the depositional environ- 
ments within the Blairmore alluvial plain. 

Descriptions of samples from the three measured sections 
(using textural, petrographic, and sedimentological features) were 
subjected to cluster analysis and the resulting groups of sainples 
(lithotypes) were dominated by the grain Size of the samples. Cluster 
analysis proved to have little practical value in coding a sedimentary 
sequence for Markov chain analysis since essentially the same units 
could be identified using grain size alone. 

The Blairmore Group in its type section and the Sheep River 
section contains a first-order Markov property. The Beaver Mines 
Formation of the group, when analyzed separately, also contains a 
first-order Markov property in these sections as well as in a section 
on Burnt Timber Creek. This is true when the sections were coded both 
as grain size lithologic units and as lithotypes. 

Truncated fining-upward trends are to be expected in all of the 
sections with few non-random transitions between the finest and coarser 
lithologies. 

The Blairmore Group as a whole contains no geological eyclicity, 
the definition of which is based on mathematical oscillating series. 


The Beaver Mines Formation in the Sheep River section is also 
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non-oscillatory. The very fine grained sandstones of the Beaver Mines 
in the type section and the siltstones in the Burnt Timber Creek section 
may be expected to occur at 4 metre intervals. 

The streams active on the Blairmore floodplain were intermediate 
between meandering and braided. Their positions were stable for | 
extended periods of time within iy eros: Wns mae belts et eee 
channel deposits were formed and which allowed thick overbank sequences 
to accumulate. Evidence of severe flooding is present in both the 
channel and overbank sediments. The climate was semi-arid to sub-humid 
With little vegetation on the floodplain. 

The lack-of fluvial cyclicity on the floodplain is obvious. 

The stable channel belts moving by avulsion and the disruptive influence 
of the Columbian tectonism to the west and southwest did not allow the 


natural development of fluvial cyclicity. 
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CHAPTER 1 
INTRODUCTION 


aM Purpose and location of study 

The Lower Cretaceous Blairmore Group of the Southern Alberta 
Foothills has long been Meceantaed as a continentally-desposited 
succession of strata. The Blairmore is probably of fluvial origin and 
might be expected to show typical fluvial cycles. However, previous 
investigations of this topic are limited to a few qualitative observa- 
tions. Other than the accepted generalization that the Blairmore Group 
was deposited on an alluvial plain, few attempts have been made to be 
more specific about the depositional environment. 

The first purpose of this thesis was to test the Blairmore Group 
in selected areas for the presence of a first-order Markov chain property. 
From the Markov analysis, it was planned to determine the sequences of 
lithologies which should be expected in a measured section and to 
investigate the statistical cyclicity of the sections. Of equal 
importance was the objective of interpreting the depositional environment 
more specifically than simply as an alluvial plain. 

The area chosen for the study lies in the southern Foothills of 
Alberta (Figure 1-1); three sections were measured and sampled in detail 
during the summer of 1975. The sections were the type section of the 
Blairmore Group along Mill and Gladstone Creeks (WSW of Pincher Creek), 
a section along the Sheep River (WSW of Calgary), and a section along 


Burnt Timber Creek (just south of the Red Deer River, NW of Calgary). 
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Figure 1-1. Location map for the measured sections. 
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These were chosen on the criteria of the completeness of exposure, the 
thickness of the section, and the accessibility of the section. Their 


exact locations are given in Chapter 4. 


1.2 Previous work 

Study of the Blairmore Group began with the early work of G.M. 
Dawson (1886) and J.W. Dawson (1886). Leach (1912, 1914) was the first 
to use the term Blairmore Formation and Hage (1943) raised it to group 
status. This work was restricted to the southern Foothills of Alberta; 
McKay (1930) studied correlative strata to the north. Until the late 
1950's no detailed studies were done and the Blairmore was dealt with 
only as a map unit on Geological Survey of Canada maps such as those by 
Hage (1946), Henderson (1946), Erdman (1947), and Norris (1955). 

Rapson (1964) and Jansa (1972) concentrated their research on 
the transition between the underlying Kootenay Formation and the Blairmore 
Group. The Blairmore of the Poothilis was more thoroughly studied by 
Glaister (1959), Mellon and Wall (1963), and Norris (1964). The 
Blairmore was divided into three formations by Mellon (1967) which are, 
in ascending order, the Gladstone, the Beaver Mines, and the Mill Creek 
Formations. Subsequent papers have included those by Holter and Mellon 
(1972) and McLean (1976, 1977). 

Summaries of studies about eguivalent strata under the plains 
are included in Brown (1976) and Leung (1976) in their reports on the 
Mannville Group of Southern Alberta and Saskatchewan respectively. 
Stelck (1975) has discussed basement control on Cretaceous sedimentation 
and Williams and Stelck (1975) have presented a picture of the paleo- 


geography of western North America. 
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Cluster analysis, a technique of numerical taxonomy which was 


developed in the biological sciences, is a method of numerically comparing 


and classifying objects which became known to geologists largely through 
the work of Sokal and Sneath (1963). Imbrie and Purdy (1962), Klovan 
(1964), and Bonham-Carter (1965) were among the first to use cluster 
analysis in geological applications. Computer programs have been 
published by Bonham-Carter (1967) and McCammon and Wenniger (1970). 
Further investigations and uses have been reported by Sneath (1964), 
Parks (1966), McCammon (1968), Harbaugh and Merriam (1968), Demirmen 
(1972), Sneath and Sokal (1973), Ethier (1970, 1975), Hughes (1975), 
Beenarte (1975), and Orford (1976) . 

What has become known as Markov chain analysis was developed 
by the Russian mathematician A.A. Markov in the early part of this 
century as a technique to establish the presence of "memory" effects 
in a succession of states or conditions. Some of the first applications 
of Markov analysis to geology were by Vistelius (1949), Vistelius and 
Faas (1965), Vistelius and Feigelson (965), ‘Carr erval” (1966) and 
Krumbein (1967) who published the computer programs used in this study. 
Potter and Blakely (1968), Krumbein and Dacey (1969), Gingerich (i960), 
Dacey and Krumbein (1970), and Schwarzacher (1969, 1972, 1975) have been 
the main developers of the applications of Markov chains to geology. 
Some of the better published examples of these applications are those by 
Read (1969), Selley (1970), Doveton (1971), Lumsden (1973), Johnson and 
Cook (1973), Miall (1973, 1976), Ethier (1975), and Jones and Dixon 


(1976). 
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CHAPTER 2 
METHODS OF STUDY 


2.1 Section measurement and sample collection 

Three sections in the southern Foothills of Alberta were chosen 
for this study from Mellon's (1967) descriptions of the Blairmore outcrop 
localities, the choice being based on the completeness of the section 
available. Detailed measurement of these sections was conducted during 
the summer of 1975. 

Each lithologic unit recognized in the field was described on a 
field data form (Figure 2-1). Grab samples of each lithologic unit were 
collected and where the unit was thicker than 2 metres, samples were 


taken at 2 metre intervals. 


2.2 Sample classification 

In order to code att measured section for Markov chain analysis 
(described in Section 2.3), two methods of classification were applied 
to the samples of each lithologic unit. The first method identified 
each unit according to the dominant grain size of the unit based on 
field descriptions and subsequent comparisons of the samples with grain 
Size standards. The second method of classification used the numerical 
techniques of cluster analysis which is part of the larger system of 
classification methods known as numerical taxonomy. 

Numerical taxonomy is the repeatable and objective grouping of 
objects according to the attributes of each object (Sneath and Sokal, 


1973). For cluster analysis, the similarity or affinity between each 
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FIELD DATA FORM 


Section: Date: 


Formation & Member: Unit number: 
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Figure 2-1. An example of the type of field description 
form used for each lithologic unit recognized in 
the field. 
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pair of objects is calculated and the objects are then grouped or 
clustered according to the similarity coefficients. The result of the 
clustering is portrayed as a dendrograph. Cluster analysis was used in 
an attempt to define subtle similarities or differences between rock 


units not readily apparent otherwise. 


Sample description 
The 836 samples collected were slabbed and then examined with a 

binocular microscope. In addition, 27 thin sections of samples from the 
type section were prepared and studied for comparitive purposes. The 
description of each sample consisted of noting the following features 
which had been observed at the outcrop or during sample examination: 

1. grain size (mean and range) 

2. percentage of clasts 

3. percentage of quartz 

4. percentage of black chert 

5. percentage of grey chert 

6. percentage of rock fragments 

7. percentage of clays 

8. percentage of carbonaceous material 

9. percentage of biotite 

10. percentage of muscovite 

ll. percentage of pyrite 

12. percentage of hematite 

13. percentage of carbonate 

14. fossils (abundance) 


15. bioturbation (presence or absence) 
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16. roundness (mean and range) 

17. sorting (poor, moderate, well) 
18. laminations (size) 

19. channelling (presence or absence) 
20. ripple marks (type) 

21. nature of the lower contact 

22. concretions (presence or absence) 
23. mud clasts (presence of absence) 
24. colour (fresh and weathered) 

25. cross-bedding (size and type) 

The samples from the type section were described and coded 
according to the above attributes and were subjected to cluster analysis. 
The groupings of samples derived from this run were not used in the 
study for a number of reasons. Firstly, examination of the slabbed 
rocks with a binocular microscope did not permit easy or exact identi- 
fication of the clast composition. The samples from the Beaver Mines 
Formation were particularly difficult to describe because of the similar 
appearance of many of the constituents. Detailed petrographic descrip- 
tions such as the one attempted can be done properly only with thin 
sections. Secondly, it was felt that the reliability of the estimations 
of mineral percentages was low, thus the use of these percentages as 
data could not be justified. This is somewhat supported by a study by 
Dennison and Shea (1966). 

A second cluster analysis of the type section samples was done 
in which the petrographic data were deleted by excluding attributes 2 
to 13 inclusive. The samples clustered in much the same manner in 


both runs suggesting that clast composition did not have a large 
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influence on the cluster analysis. The results of the second analysis 
were used for the type section in further study. The dendrographs of 
the two cluster analyses may be compared in Figures 4-4 and 4-5. 

The Sheep River and the Burnt Timber Creek sections were coded 
slightly differently. from the type section. Again the detailed petro- 
graphic data were excluded but a reflection of the composition of the 
samples was incorporated by estimating the percentage of dark minerals. 
Lerbekmo (1962) has suggested this type of description for a field 
classification of sandstones. Also an estimation of the volumetric 
proportion of carbonaceous eer was included in the sample descrip- 
tions. 

This modification of the attributes examined provided a quicker, 
more efficient, and more accurate description of the samples, yet 
produced results very similar to the more detailed descriptions. Also, 
for this type of study which is concerned with fluctuations within a 
depositional environment, variations in sandstone composition woulda 


probably be of minimal value. 


Coding of data 
In order to accommodate the various types of data used in the 
sample descriptions, a binary coding system was employed (Kiovan, 1964; 
Bonham-Carter, 1965; Ethier, 1970; Sneath and Sokal, 1973; Hughes, 1975). 
The presence of an attribute was denoted by a 2 and the absence by a l. 
If observation of the attribute was not possible, it was assigned a zero. 
The types of data used and the method of coding for each type 
of data is explained below. Table 2-1 lists the attributes used in the 
sample descriptions and Figure ‘2-2 shows examples of sample descriptions 


and coding. 
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BINARY DISORDERED MULTISTATE 
Bioturbation Nature of lower contact 
Channelling Colour 
Concretions 


Mud clasts 
Types of cross-bedding 


Types of ripple marks 


ORDERED MULTISTATE NUMERIC 
Grain size * Percentage of clasts ** 
Roundness * 7 Percentage of clasts of specific 
Fossil . composition ** 
Sorting a Percentage of dark minerals 
Laminations Percentage of carbonaceous material 


Cross-bedding size 


* Weighted, inclusion of mean and range. 


** Used only in preliminary development of the coding system. 


Table 2-1. Data type of the attributes used in the sample descriptions. 
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Sample number 
Unit thickness 


Sample position 
Grain size; mean 


Roundness: mean 
renge 


Sorting 


%dark minerals 


“carbonaceous material 


Nature of lower contact 
Channelling? 
Laminations: size 
Ripples: assymetrical? 
symmetrical? 
climbing? 
Cross bedding: size 
type 
fud clasts? 
Concretions? 
Fossils: abundance? 


Bioturbation? 


Colour; fresh 
weathered 


Sample description 


$167-} 
loam 
173.9m,. 


medium sand 
fine to medium sand 


angular 


v. angular to subangular 


moderate 


no 
large 
trough 
yes 

no 
none 


no 
dark, gr@en grey 


erey 


8192-1 
0.35m. 


207.8m. 


very fine sand 

silt to very fine sand 
subangular 

anguler to subrounded 


poor 


no 


no 
no 

no 

present 

no 

dark green grey 


grey 


Figure 2-2. An example of sample description, coding, and 


calculation of Jaccard's coefficient for two 


samples from the Sheep River section. Continued 


on the next page. 
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SAMPLE NAM CHAIN SUce ROUNDNESS SOR % DARK Mr NESAL 
a z clay. VA vety angular sorting Gales ere: 2-4, 
7, Ye A angular P poor PD, eye eller sie 
WUNET THICK METRE 3 very fine SA subengular M moderate 7 30 
unit thickness in 4 fine SR subrounded W well 
metres 5 medium R rounded % CARB MATER 
6 coarse WR well counded x carbonaceous 

MeTRE A80VE BASE 7 very coarse material 
sample position in 8 cenglomerate OnwOran? 1255 2-4, 
metres above the G= GS-16 507% 16 
tease of the sectien 
LwR CNT CHA LAM RIP X-BE MUD 
Tower contact channelling Laminations tipple marks cross~vedding ud clasts 
E erosional . 0-3 am. A assymmetrical S small 
S sharp 3~10 mm. S symmetrical L large coy 
G gradational 710 mn. C climbing P planar coneretions 


Foss ; 
fossils 
A absent 


“ 


R rare 
P present 
AB abundant 


Figure 2-2. 


BLO 


bioturbation 


CCLOUR 


FRES fresh 


LG 
DG 
GG 
DY 
RG 


light to dark grey 
dark grey to black 
green grey 

dark green grey 


red and green 


TA ta angential 


TR trough 


WEAT weathered 

G grey 

G& green grey 

RG yea and green 
8 brown 


Calculation of similacity coefficient 


Nuinber of positive matches = P 
Number of negative matches = N = 


Number of mismatches = M = 


Jaccaré's coefficient = P / P 


a a ne en RS 


VS 
43 


" 


ag 


4M 


eS / 15 4 39 
= 0,441) 


Continued. 
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Binary data is data consisting of two contrasting conditions. 
One state was allocated for each attribute and the attribute's presence 


or absence was coded as a 2 or 1 respectively. 


Disordered multistate data (nominal) is data consisting of three 
or more mutually exclusive categories (e.g., colour). Several states 
were established to include all possible categories. A 2 was entered 
in the appropriate state of each attribute and 1's were placed in the 


remaining states of that attribute. 


Ordered multistate data (ordinal, semi-quantitative) is data 
measured on a qualitative hierarchy of contrasting states; data 
classified on an ordinal scale (e.g., grain size) with the ordinal scale 
divided into a number of classes or states. For example, the attribute 
of the presence of fossils was divided into the states of absent, rare, 
present, and abundant and an additive system of coding (Bonham-Carter, 
1965; Sneath and Sokal, 1973) was used. If a sample was rare in its 
abundance of fossils a 2 was recorded in the rare state; if fossils were 
observed but neither rare nor abundant, 2's were entered in the rare and 
present states and 1's in the absent and abundant states. 


Grain size and roundness were special cases where the mean and 


the range of the attribute were incorporated into the sample descriptions. 


To penis, each class of grain size and roundness were assigned two 
states as was done by Hughes (1975). In the two states of the class 
representing the attribute mean 2's were entered. In the classes which 
covered the range of the attribute a 2 was recorded in the state nearest 
the mean and a 1 in the other state. 1's were also entered in the rest 
of the states of that attribute. The weight of attributes coded in this 


way is thereby doubled. 
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Numeric data is data measured on a quantitative set of con- 
trasting states; data measured on interval or ratio scales (e.g., 
proportion of dark minerals). The interval scales were subdivided into 
a number of percentage classes or states. The states were devised so 
that beginning with a class of 0 to 1 percent, each subsequent class 
included a range of percentages twice as large as the previous class. 
This method of division was used to give small, but possibly significant, 
variations at the low end of the percentage scale more weight; also 
estimations of small percentages of constituents are sometimes more 
accurate than larger proportions (Dennison and Shea, 1966; Hughes, 1975). 
The same additive system of coding as described for ordered multistate 


data was used for numeric data. 


Similarity coefficients 

The measurement of similarity between samples was done by 
calculation of similarity coefficients using a version of Bonham-Cartex's 
(1967) CLUST3 computer program. Because of the inclusion of both 
qualitative and quantitative data and the use of the binary coding 
system, the type of similarity coefficient which was necessary was a 
coefficient of association. A coefficient of association is a 
correlation-type measure of similarity between samples in which the 
numerical value of the coefficient increases as the samples become more 
alike. Correlation-type measures of similarity must be distinguished 
from distance-type measures, the latter being a measure of the distance 
between samples which are located in some coordinate space based on 
similarity and in which the numerical value increases as the similarity 


decreases (samples are further apart) (McCammon, 1970). The distance-type 


a | ; vse) rsa We 


ehivt DAG Pktoe | axew 


ei 3h ise 
pat % ‘ab me sf 
‘ ry ELe] 
gels 
‘4 
: 
{Pe . } 
rat i { Ay 


YRS 2 2'0 


PA LOOS. vines Sts 


B eaw Ss rt So ke) 


B ee- Osea: 


c oo faite ai cotaiine neewiod vii. {leila Go. stage ee 


i 


: si ee asiqiike ods es’ dezapxyal ‘ins 


Aaa D6. artisan ‘east a. EM 


eo bo eee ovian 


PAY. Ia 


inthe “weewsod) YOO te! Cale 2o Syouragy 


— TOs bcorty = tari ere hae) i ime +o ihn om 


sot (gags 


nate Th Shelton A nos btaoaas. te. 


ian bs maae ac sani “CLeGiinle ‘to Somudeom dies coht 
aw 
Bs. ots 34 piace ¥ pach teaiel ents ‘RéswaMEeS 


omanul fs SosRaalt oes 


ov 399GiR Ry Antguatiins spe 


a 


pettus 8G. ‘poaaelk s sonanaeaig @ ") 


4) 
i 


ela he Wes 'r ogo): tes masts &. sie _ 


ri hi i Siw E IER BNSIT ous fees , 


AGW. ricoh oa 


oF .bSs2ag 
ina’ a2 Io ins wot oi $a — 7 
, . | i. 

sopmiorteat i beghe to 2 . 


} vauhahaeitte empteeity el 


dttoreh es.pmithen 1° matey sinh sf 


ht atone sat tee 


ernie: Sal 2) 


iL ee 
hel, ) sat 


tec : 
if 2a ean Ag 


cen astnahts en 
: ty 
to'e@bil sd) the ote outa at catinap has 


Fy. ay +t A ier os 


ty eases sO yt date 20 ony: a 


Pah ws 


; seal ee , 
i*isieos = “i “2 


ai 


6 
i) 


Jaechieneh wisi byoo™ amin th oasings we 


ie 


coefficients will be used later in the plotting of the cluster analysis 
results. 

The particular coefficient chosen for use was Jaccard's 
coefficient which has been widely used in Se ee geological studies 


(Bonham-Carter, 1965; Ethier, 1970; Hughes, 1975) and is defined by: 


J=P/SP+M where J 


Jaccard's coefficient, 


ie 


number of positive matches, 


and M = number of mismatches. 


A positive match is obtained when 2's are present in the same 
category for the two objects being compared; two 1's are a negative 
match and a 1 and a 2 are a mismatch. In any comparison where a state 
was zero that state was excluded from the comparison. Negative matches 
are not included in Jaccard's coefficient as they may cause a high 
Similarity between objects having a large number of mutually absent 
states which is not desirable (Sneath and Sokal, 1973). 

The pair-wise similarity coefficients so calculated range fron 
1.0 to 0.0, the end points being complete Similarity and complete 
dissimilarity respectively. These measures of similarity were stored 
in the lower half of an n x n symmetrical matrix (n being the number of 


samples) for input to cluster analysis. 


Cluster analysis 


Cluster analysis is the grouping of objects according to their 
mutual similarity by means of similarity coefficients. The result is a 
graphic hierarchical display of the similarity among all of the objects 


used in the analysis. The first type of graphic display used was a 
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dendrogram (or phenogram of Sokal and Sneath, 1963). On a dendrogram, 
the samples were equally~-spaced along one axis while the other axis 
was scaled into levels of similarity using a correlation-type measure 
of similarity. The samples were joined by vertical and horizontal 
lines with the lines parallel to the sample axis representing the level 
of similarity between samples (Bonham-Carter, 1967). McCammon (1968) 
developed a second type of display which he called a dendrograph. On 
a dendrograph, one axis was again scaled in correlation-type measures 
of similarity which showed the level of similarity within a group of 
objects. Along the second axis, samples were not equally-spaced but 
separated according to a distance-type measure of similarity and which 
showed the distance, or dissimilarity, between groups of objects. The 
objects were joined in the same manner as in a dendrogram. 

McCammon and Wenniger (1970) published a computer program DENDRO 
which was used to group the objects and to generate dendrographs for 
each set of samples of this study. In order to Mess this program, the 
correlation-type measures of similarity, the Jaccard's coefficients, 
were first converted to a distance-type measure by an arc cosine 
transformation (McCammon and Wenniger, 1970, p. 2). 

The two groups of objects having the lowest pair-wise distance 
(or highest similarity) were joined at each iterative stage of clustering 
by the unweighted pair-group method (McCammon and Wenniger, 1970). The 
algorithm used was documented by Lance and Williams (1967). In order 
to calculate what the within-group distance would be if groups h and k 
were joined (where group k consists of previously joined groups i and IF 


the following formula would be used: 
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where: qk = average within-group pair-wise distance between groups 
: / heand)k; 
n, = number of objects in group i, 
Shi = pair-wise distance between h and i 


(Lance and Williams, 1967, p. 375). 

The between-group distances were calculated in the same way. 

The within-group and between-group distances could be converted to 
correlation-type measures of similarity by taking their cosines. 

After the objects had been clustered according to the above 
algorithm, the program plotted a dendrograph portraying the relationships 
among all of the samples. The partitioning of a dendrograph into useful 
clusters is complicated by the fact that there are no statistical tests 
available to evaluate the randomness of the objects or the validity of 
the resultant clusters. Most of the preliminary work on cluster analysis 
provided only arbitrary methods for the eee of dendrograms. Parks 
(1966, p. 713) suggested that the observer could pick out groups 
", . . at any desired level of similarity." Bonham-Carter (1965, p. 492) 
tested his clusters by seeing if they made ". . . geological sense." 
McCammon (1968, p. 1666) was more objective when he matched ". . . the 
wider gaps between hierarchical levels with the wider gaps between 
Clusters." Demirmen (1972) formalized such suggestions into the 
following criteria: 

Criterion A. The chosen groups should stand out from the 
neighbouring clusters (same as McCammon's suggestion). 


Criterion B. It should be possible to produce a number of groups 
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each containing a small number of objects with no one group containing 
a large proportion of the sample set. 

Criterion C. The number of groups should be practical value. 

Criterion D. If more than one clustering procedure is to be 
used the same groups should be apparent in each resultant dendrograph. 

The suggestions of McCammon and Demirmen were used in the 
separation of clusters in this study. Demirmen's Criterion C was 
important in that the number of clusters had to be kept small in order 
to obtain sufficient transition counts between units for Markov analysis. 
All of the separated clusters, except one, grouped above the 0.5 level 
of similarity, whereas a random set of samples would have clustered at 
or near the 0.0 level (McCammon, 1968). 

Each separated cluster of samples was given an "average" 
description and designated as a specific “lithotype." The measured 
sections were then coded according to these lithotypes for Markov 
analyses. Descriptions of the lithotypes are included in Chapter 4 
under the discussion of the appropriate measured section. The dendro- 


graphs are presented in Figures 4-4, 4-5, 4-6, 4-9, 4-10 and 4-13. 


2.3 Markov chain analysis 

With the development of mathematical geology, attempts have been 
made to describe geological processes in terms of mathematical models. 
The two extremes of such models are random, or independent event, 
processes and deterministic processes. An intermediate class of 
statistical models are known as stochastic processes and have partial 
ordering but also a degree of randomness (Krumbein, 1967). 


The Markov chain process is a stochastic process of particular 
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applicability to geological studies. The first use of Markov models 
was by the Russian mathematician A.A. Markov who studied the alternation 
of vowels and consonants in Pushkin's poem "Onegin" (Doveton, 1971). 
The theory of Markov chain has been further developed by later mathe- 
maticians, for example, Kemeny and Snell (1960). 

In a sequence of events, the probability of the occurrence of 
an event x at time t is dependent only upon the immediately preceding 
event Xi y at time t-1l. This dependency upon the previous event is 
the Markov chain property or Markovian "memory" of the sequence of 


events and can be expressed formally by: 


: P 1%, =x | ae = | a SPSS eS 7. wey oe) 


(Kemeny and Snell, 1960). This definition is for a single-dependency 
first-order Markov chain. In these chains, the dependency involves 
only one preceding state (single-dependency) and that state is the 
immediately preceding one (first-order). Higher-order Markov chains 
are possible where the dependency extends back 2, 3, or more steps and 
these may be single- or multi-dependent (Harbaugh and Bonham-Carter, 
£970). 

In a stratigraphic section the occurrence of an event is the 
presence of a specific lithology with its presence dependent only upon 
the immediately preceding lithologic type. The dependency of lithologic 
successions can be expressed as probabilities which are tabulated in the 


transition probability matrix with the form: 
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If Sl represents sandstone, S2 claystone, and S3 limestone then Pio is 
the probability of sandstone being followed by claystone and Pi3 the 
probability of sandstone followed by limestone (Potter and Blakely, 
1968). The construction of this and other matrices is discussed below. 
Much of the work with Markov chain models in sedimentology has 
been in the simulation of stratigraphic sections (Krumbein, 1967; 
Potter and Blakely, 1968; Read, 1969; Krumbein and Dacey, 1969; Lumsden, 
1975). From these experiments arose a number of methods of sampling a 
sedimentary sequence for Markov chain analysis with emphasis on the 
type of statistical distribution of the lithologic unit thicknesses. 
Each sampling method necessitated the development of a slightly different 
Markov chain model, each with its own specific definition, structure of 


the transition probability matrix, and geological implications. 


Embedded Markov chain 

The transitions counted for an embedded Markov chain analysis 
are only those between lithologic units. In this case, it is obvious 
that adjacent lithologies cannot be identical and the elements of the 
principal diagonal of the transition probability matrix will be zero 
(P.5 = 0, where i = 3) (Krumbein and Dacey, 1969). There is no way to 
incorporate information about lithologic thicknesses in an embedded 


Markov chain and the specific type of distribution of lithologic 
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thicknesses is not included in the definition (Krumbein and Dacey, 
3969). 

This type of jepatete chain emphasizes the change between succeeding 
Mienetcgie unite and focuses on the evolution of the depositional environ- 


ment (Miall, 1973). 


Regular Markov chain 

For a regular Markov chain, the transitions are recorded by 
noting the type of lithology present at adjacent steps over a series of 
egqually-spaced intervals (Krumbein and aeaere LOGO} SmiIne thisecase;sa 
lithology may be followed by the same lithology and therefore, the 
elements of the principal diagonal of the transition probability matrix 
will not necessarily equal’ zero. By definition (Krumbein and Dacey, 
1969), the lithologic unit thicknesses of a sequence represented by a 
regular Markov chain must be geometrically distributed for discrete 
data or exponentially distributed for continuous data. If these distribu- 
tions are not present, an embedded Markov or a semi-Markov model must be 
employed (Krumbein and Dacey, 1969; Dacey and Krumbein, 1970). 

A regular Markov chain allows a more accurate measure of relative 
frequencies of the component lithologies at the expense of the accuracy 
available in step-by-step depositional changes (Dacey and Krumbein, 

1969; Miall, 1973). The difficulty in choosing a representative sample 
interval has been recognized by several authors, notably Krumbein (1967), 
Read (1969), and Miall (1973). If too large an interval is chosen, the 
analysis will miss any potentially important thin units. With an 
interval too small, excessively large figures will appear in the 
principal diagonal which will overshadow Markovian tendencies as well 


as yield extremely high values in the Chi-square test (discussed below) . 
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Also, the optimum sample interval may differ among co-existing lithologies. 


Multistory facies analysis 

Carr et al. (1966) initiated the concept of multistory lithologies 
which are gross lithologic units that may be subdivided by sedimentological 
variations. A section studied with the inclusion of multistory lithologies 
would use a variation of an embedded Markov model, however the elements 
of the principal diagonal of the transition matrix would not equal zero 
but would be expected to remain small (Dacey and Krumbein, 1970). 
Lumsden (1971) coined the term "multistory facies analysis" for this 
type of Markov chain analysis. 

Read (1966) noted that no author had attempted to define the 
criteria by which adjacent lithologies can be identified as subdivisions 
of a lithologic unit, but which are not distinct enough to define 
separate lithologies. No such criteria have been found in more recent 


literature by this author. 


Semi-Markov models 

The semi-Markov model has been developed by Krumbein and Dacey 
(1969), Dacey and Krumbein (1970) and Schwarzacher (1972, 1975) for 
sequences which have a first-order Markov property but for which the 
lithologic unit thicknesses are defined by an independent discrete 
random variable governed by a mechanism and time scale distinct from the 
controls on the type of lithology deposited. The lithologic unit 
thicknesses are considered as the time the system waits in a lithology 
before passing onto the succeeding lithology. Schwarzacher (1972) 
Suggested the waiting time or thicknesses may be described by a Gamma 


distribution. The three authors referred to above have developed the 
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geological applications of semi-Markov models through theoretical 


discussions but no practical analysis has yet been attempted in geology. 


Stationarity 

A prerequisite condition for the Markov analysis of a strati- 
graphic section is stationarity of the section (Doveton, 1971). This is 
defined as the condition that the depositional process remained the same 
during the formation of the whole section under consideration (Potter 
and Blakely, 1968), i.e., the same depositional process Bontrollcd 
sedimentation for all of the section being considered. 

Testing for stationarity is not highly refined. Doveton (1971) 
suggested visually comparing the proportions of lithologies present in 
various intervals of the complete section. The proportions should remain 
the same and this way be observed at the outcrop or in a graphic log of 
the section. The section may be subdivided into intervals and transition 
probabilities from those intervals may be compared for similarity and 
therefore, stationarity (Miall, 1973). Vistelius and Faas (1965) termed 
a Bs Gl to be homogeneous or stationary if transition matrices of 
Subsections produced similar Chi-square values but they did not describe 


the test used. 


Transition matrices and significance test 

The first procedure in a Markov chain analysis of a sedimentary 
succession which consists of s states or lithologies is to obtain a count 
of the upward transitions between various states. This count is 
consolidated into the s x s tally or transition frequency matrix, N 
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Ss 
the column sums, Ds n.. =n., may be calculated to yield the total 


1 ij J 
number of transitions, n, in the sequence. An example of this and 
other matrices are presented in Figure 2-3. 


The probability of the transition from a state to another state 


is calculated by the general formula: 


These probabilities are summarized in the transition probability matrix, 
P, in which each row sums to 1.0. This matrix is the most expressive 
in a Markov analysis and is used for further interpretation. 

In order to test for the presence of the Markov property ina 


sequence, Anderson and Goodman (1957) devised the statistic 


S 
= = Pp. Pe 
a1ogA Z 2. n, tog, ( i3 / ty 


a the quantity (-210g,) ) for s states is asymptotically distributed, 
a Chi-square distribution with (eat degrees of freedom for a regular 
Markov chain or Ey ees degrees of freedom for an embedded Markov 

chain. The null hypothesis for this test is that the sequence under 
consideration was produced by a random or independent events process. 


The probability of a transition occurring randomly is 


ap = ne H (n-n, ) 


for an embedded Markov chain and by 


for a regular Markov chain (Potter and Blakely, 1968; Read, 1969). These 
probabilities, indicative of a random process; are combined into the 


independent events matrix, E. 
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Greater insight may be gained into the most prominent non-random 


transitions by constructing the difference matrix, D, using the formula 


which is the subtraction of an element of the independent events matrix 
from the equivalent element of the transition probability matrix 
(Gingerich, 1969). Positive elements in the difference matrix represent 


those transitions which occur with greater than random frequency. 


2.4 Cyclicity and Markov chain analysis 

Man has a basic drive to explain his surroundings and to find 
order in complex, random-appearing systems (Zeller, 1964). Geologists 
exemplify this phenomenon, and ae of sedimentary sequences is a 
particular case in which geologists attempt to find order in a system 
and then try to explain the cause (Schwarzacher, 1975). 

The development of the concept of eeacees in geology began in 
the early 1800's, and soon afterward, the study of cyclicity of particular 
sedimentary sequences began with the early work done on the Carboniferous 
coal measures of eastern North America and Britain. 

By 1962, Duff and Walton found a great proliferation of confusing 
and ill-defined terms in the literature which they attempted to overcome 
by adding their own definitions. A cycle in sedimentary rocks was 
@efined to be ". . . a group of rocks which tend to occur in a certain 
order and which contains one unit which is repeated frequently throughout 
the succession" (Duff and Walton, 1962, p. 247). In the same paper, a 
modal cycle was defined as the group of rocks most common in a succession. 


Criticisms of the concept of a modal cycle are that it represents only 
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a portion of the total sequence and that the tops and bottoms of the 
cycle have to be chosen arbitrarily. (Schwarzacher, 1969). Controversy 
Still arises over definitions of geological cyclicity but it is 
generally accepted that a sequence is cyclic or rhythmic if the rock 
types are ordered into patterns such as ABCABC . . . or ABCBABCBA . . 
Sree eACbA. . ., etc. (Duff, et al., 1967; Schwarzacher, 1969) . 

It should be obvious that a cyclic sedimentary sequence will 
have a Markovian memory or dependency since the same series occur 
repeatedly in the succession. A Prat ea eooint is that a sequence with 
Markovian dependency may not be cyclic according to the above definition 
(Ethier, 2975). 

In the sequence he studied, Gingerich (1969) took the positive 
elements of the difference matrix (the example used in Figure 2-3) as 
the most probable upward transitions between rock types and graphically 


displayed the relationships as follows: 


beta ans x mame efenerarer Alani 


limestone 


fel 


To this representation he applied the term Sfully deveteped evyole 
Other authors, using the same method and similar diagrams, have applied 
terms such as "Markovian transition scheme" (Doveton, 1971), "cyclic 
processes" or "facies relationships" (Miall, 1973), and "Markovian 
cycle" (Jones and Dixon, 1976). Some of the terms imply cyclicity which 
may not be present in the sequences represented and so, the best term 
to use would seem to be Ethier's (1975) “transition pattern." 

Schwarzacher (1969) has applied mathematical concepts to geological 


cyclicity and defined cyclicity to be the repetition of one or more 
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lithologies in a vertical succession at a preferred period of recurrence. 


In mathematical terms, the repetition of an event regularly in time 
would represent perfect periodicity. If the repetitions were damped 
for some natural reason, the series of events would have a quasi- 


periodicity or oscillating behavior (Schwarzacher, 1969). 


Powering the transition probability matrix 
Upon raising the transition probability matrix to successive 
powers (pt, mae p>, 4 paeet) tHe imatrix will converge to a matrix Bie 
n—C2, in which all the rows are identical. Any row of this matrix 
is called the stable probability vector which represents the proportions 
of the various lithologies in a sequence if the matrix had originally 
been structured as a regular Markov chain (Potter and Blakely, 1968). 
The elements of the transition matrix may approach the stable 
value exponentially or by a series of damped oscillations. Graphically 
this convergence is represented by plotting the transition probability 
of an element of the matrix at successive powers against the particular 
power (Figure 2-4B). Those elements which approach the stable value 


by exponential curves are termed non-oscillating and have no period of 


recurrence within the section. Oscillating curves are generated by 


the transitions with a specific period of recurrence (Schwarzacher, 1968). 


The period of recurrence may be determined by calculating and 


plotting the recurrence probability, f,, by the formula 
J 


n n 1 n-l n-1l fe 
i) i, lcd J 33 


(Schwarzacher, 1969) (Figure 2-4C). The period of recurrence of a 


lithology is the power opposite the highest value on the recurrence 
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Figure 2-4. Examples of plots of powered transition probabilities (B.) 
and recurrence probabilities (C.) of the first elements 
of matrices b and c shown in (A.) (after Schwarzacher, 
1969, m.120 and 21)% 
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probability curve. The power represents the number of steps away from 

the original occurrence where a lithology may be expected again. 

This may be converted into distance by multiplying the number of steps 

by the sample interval used in generating the original matrix (Schwarzacher 


1969). 


Eigenvalues of the transition probability matrix 

Vistelius and Faas (1965) and Schwarzacher (1969) suggested 
the eigenvalues of a transition probability matrix may be used to yield 
more information about the oscillating nature of the matrix. Some 
characteristics of matrices must be mentioned for a lucid discussion. 


A diagonal matrix D of the form 


becomes the following matrix after successive multiplication with itself 


(Jacquard, 1974, p.543). 
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The powered value of an n x n square matrix A may be found if A 


can be expressed as the product of three matrices 
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where D is a diagonal matrix and a is the inverse of C (Jacquard, 
wood, ~p.543). 
By multiplying both sides of the above equation, the matrix AC 


becomes equivalent to a set of n homogeneous equations with the form 


Mn 1 ary ies can sf Ans ae 

If the determinant of the coefficients of these equations is 
expanded to a polynominal equation, the roots, ve to d may be found 
and are the eigenvalues of the matrix A. The constants, c, may be 
found and form the matrix C which is the column eigenvector (Jacquard, 
2974). 


Therefore, it can be seen that the eigenvalues of a matrix will 


control the convergence of the matrix A (Jacquard, 1974, p. 551) since 


A stochastic matrix such as a transition probability matrix 
will have at least one eigenvalue equal to one and the rest will be 
equal to or smaller than unity. If there are negative or complex 
eigenvalues in the matrix then the higher-order transition probabilities 
will approach the stable matrix by a series of damped oscillations 
(Jacquard, 1974; Schwarzacher, 1975). 

The amount of damping of the oscillating may be measured by 
finding the modulus of the complex eigenvalues (Schwarzacher, 1975). 
In a periodic case, the modulus of the complex eigenvalue || eed itr 


modulus near one represents quasiperiodicity (Vistelius and Faas, 1965); 
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as the modulus approaches zero, the damping increases. 


Geological cyclicity 


The term cyclicity has two distinct meanings in this paper and 
they are distinguished by the terms fluvial cyclicity and geological 
cyclicity. Geological cyclicity was defined by Schwarzacher (1969) 
and is discussed in this eo It is a thickness-based cyclicity 
Since it is dependent on the thickness~based regular Markov chain 
structure. Fluvial cyclicity is the widely-used conception of cyclicity 
as it applies to alluvial plain sediments. This type of cyclicity is 
better defined as a process~based cyclicity as it is derived from 
observations of sedimentological features and the embedded Markov chain. 

Schwarzacher (1969) defined “geological cyclicity" to be"... 
the property of a series in which the higher transition probabilities 
approach equilibrium by a series of more or less damped oscillations" 
(p. 22). There are two limits to this definition with the first being 
perfect periodicity and the second, damping so extreme as to cause a 
recurrence maximum at step or power one which is not Bene tdered a 
geological cycle. Table 2-2 summarizes the definitions of the possible 
types of stratigraphic series. 

The matrices in Figure 2-4A represent the types of series listed 
in Table 2-2. Matrix (a) is an independent random series and matrix 
(da) is a deterministic periodic series. The transition probabilities 
of the first element for matrix (b) represent ys ehe rea aie vray random 
series. The transition probabilities and recurrence probabilities of 


the first element of matrix (c) shows an oscillating random series with 


a period of recurrence of three units. 
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Type of series Transition matrix 
Independent random process Rows of transition probabilities are 
identical and remain the same upon 
powering. 
Non-oscillating random series Transition and recurrence probabili- 


ties exponentially approach a 
constant value. 


Oscillating random series Transition probabilities reach 

(geological cycles) stable value in a series of damped 
oscillations. Recurrence probability 
Maxima different from one. 


Deterministic process Powers of transition probabilities 


(mathematical cycles) do not converge. Spike like recur- 
rence probability maxima. 


Table 2-2. Types of stratigraphic series (modified 


after Schwarzacher, 1975, p. 260) 


Since no quantitative analysis has yet defined an independent 
random nor a deterministic sequence of sedimentary rocks (Schwarzacher, 
1975), stratigraphic sections must be tested for oscillatory behavior 


in order to differentiate between oscillating and non-oscillating series. 
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CHAPTER 3 
REGIONAL STRATIGRAPHY OF THE BLAIRMORE GROUP 


3.1 Stratigraphy 

The first geological report about the Lower Cretaceous continental 
strata of southern Alberta was published by G.M. Dawson (1886) who 
divided the sequence into a lower coal-bearing sequence and an upper 
"barren" sequence, overlain in the Crowsnest Pass region by tuffs and 
agglomerates. On the basis of two distinct floras, he applied the name 
"Kootanie series" to the coal-bearing strata and to the lower, unfossili- 
ferous, "barren" beds and the name "Dakota series" to the higher, 
fossiliferous strata just below the pyroclastics. 

J.W. Dawson (1886) proposed a threefold division to this 
succession based on a study of G.W. Dawson's fossil collection: a lower 
"Kootanie series," an "Intermediate series," and an upper "Mill Creek 
series." 

Leach (1912) restricted J.W. Dawson's "Kootanie series" to the 
coal-bearing strata and renamed it the "Kootenay Formation." In 1914, 
Leach applied the name "Blairmore Formation" to the sequence of continen- 
tal clastics between a conglomerate at the top of the Kootenay Formation 
and the overlying "Crowsnest volcanics" (replacing "Dakota Formation"). 
The conglomerate was moved from the Kootenay Formation to the base of 
the Blairmore Formation by Rose (1917), who recognized the unconformity 
at the base of the conglomerate. 


Hage (1943) was the first to use the terms Blairmore Group and 
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Crowsnest Formation, the latter being the pyroclastic sequence at the 
top of the group. Norris (1964, p. 515) divided Hage's Blairmore Group 
into the basal Cadomin Formation overlain by the informal units: “lower 
Blairmore, ‘'Calcareous Member," middle Blairmore, and upper Blairmore" 
on the basis of sandstone petrography and the presence or absence of 
limestone and conglomerate. 

At the same time, Mellon and Wall (1963), using petrographic 
data as well as floral and microfossil Gistributions, divided the 
Blairmore into the Lower Blairmore (which included the Calcareous 
Member), the Middle Blairmore, and the Upper Blairmore. For the first 
time, the Crowsnest volcanics were included in the Blairmore Group 
instead of being described as an overlying formation. 

Mellon (1967) applied formal names to the previous informal 
‘divisions of the Blairmore Group and also proposed a type section for 
the group along Gladstone and Mill Creeks in the southwestern Foothills 
of Alberta. Mellon and Wall's (1963) Lower, Middle, and Upper Blairmore 
became respectively the Gladstone Formation with the Calcareous Member 
at the top, the Beaver Mines Formation, and the Mill Creek Formation 
with the pyroclastics at the top denoted as the one: Member. These 


names are restricted to the south and south-central Foothills of Alberta. 


Gladstone Formation 

The oldest formation of the Blairmore Group is the Gladstone 
Formation, the base of which is marked by a conspicuous chert-quartzite 
conglomerate or pebbly sandstone which is equivalent to the Cadomin 
conglomerate. The conglomerate is regionally unconformable on the 


underlying Kootenay Formation. ‘ The local erosional relief at the base 
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of the conglomerate is normally less than one metre, however in the 
Crowsnest Pass region, the relief is several metres over a few kilometres 
with the amount of erosion increasing toward the east (Norris, 1964; 
Vincent, 1976). 

The middle portion of the Gladstone consists of interbedded 
claystones, siltstones, and sandstones. The sandy units are distinctive 
in the abundance of rounded quartz and chert, locally abundant trans- 
ported dolomite, the scarcity of metamorphic and igneous detritus, and 
heavy minerals of zircon, tourmaline, and rutile (Mellon, 1967). 

The Gladstone Formation is capped by the Calcareous Member in 
southern Alberta. This member consists of interbedded fresh-water 
limestones and calcareous shales and extends northward to the vicinity 
of the Red Deer River and eastward under the southern Alberta Plains 


(Mellon, 1967). 


Beaver Mines Formation 

The contact between the Gladstone Formation and the overlying 
Beaver Mines Formation is sharp and well-defined, being based mainly on 
petrographic differences. The Beaver Mines Formation is a sequence 
of green-grey, feldspathic sandstones, local conglomerates, and silt- 
stones interbedded with grey and mottled red and green silty claystones 
(Mellon, 1967). No regional markers are present in the Beaver Mines 
Formation comparable to the basal conglomerate and the Calcareous Member 
of the Gladstone (Mellon and Wall, 1963). 

The sandstones of the Beaver Mines Formation are very hetero- 
geneous in composition, consisting of angular quartz, feldspar, and 


finely crystalline metasedimentary and volcanic rock fragments. The 
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distinguishing features are the high proportion of volcanic detritus, 
abundance of plagioclase and chlorite, heavy minerals dominated by 
epidote and biotite, and the wide variety of authigenic cements (Mellon, 
igo?) . = 

The differences in sandstone petrography among the three forma- 
tions are clearly seen in the ternary diagram in Figure 3-1. 

The Gladstone and Beaver Mines Formations both contain a non- 
dicotyledonous flora which Bell (1956) and Mellon (1967) termed “lower 


Blairmore flora." 


Mill Creek Formation 

A regional break in sedimentation between the Beaver Mines 
Formation and the succeeding Mill Creek Formation is recognized by 
changes in sandstone composition and floral content between the two 
formations. 

The Mill Creek Formation is restricted to southern Alberta 
south of the Bow River. The formation consists of quartzose, cherty 
sandstone and conglomerate and varicoloured claystones which grade 
upward into the alkali-rich pyroclastic rocks of the Crowsnest Member. 

The sandstones of the lower sedimentary part of the formation 
are composed primarily of quartzose detritus and fine grained sedimentary 
or fe ea incneary rock fragments. Volcanic detritus is ubiquitous 
throughout the formation but increases in abundance toward the top of 
the formation and the Crowsnest Member (Mellon, 1967). 

The interbedded sedimentary and pyroclastic detritus at the top 
of the Mill Creek Formation is included in the formation as the Crowsnest 


Member because of vertical and lateral gradational contacts with the 
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Figure 3-1. 
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Tenary diagram showing the relative proportions of 
common detrital constituents in modally analysed 
sandstones of the Blairmore Group (modified from Mellon, 
1967; Gladstone Formation, Figure 31; Beaver Mines 
Formation, Figure 34; Mild Creek Formation, Figure 45). 
(0) qvartz (CHT) “chert, "(RF). nonvolcanic rock 


fragments, (VRF) volcanic rock fragments, (F) feldspar. 
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lower sedimentary part of the formation (Mellon, 1967). The member 
attains its greatest thickness near Coleman, Alberta but thins quickly 
in all directions and is not present east of the Foothills nor north 
of the Oldman River in Township 12. 

The nature of the pyroclastics indicates an explosive origin of 
the material from a differentiated alkali trachyte magma (Ferguson, 
ét al. 1976). The Crowsnest Member tuffs and agglomerates contain 
volcanic rock fragments, potash feldspars, and lesser amounts of 
pyroxenes, garnets, plagioclase, and analcime, all of which are primary 
(Mellon, 1967; Pearce, 1970). 

The Mill Creek Formation contains a dicotyledonous flora ("upper 
Blairmore flora") which is more advanced than the "lower Blairmore 


flora" (Mellon, 1967). 


Age and correlation 

Mellon (1967) presente@€ a thorough discussion of floral and 
microfaunal distributions and age determinations in the Blairmore Group. 
Only the conclusions of that discussion will be presented here. 

The basal part of the Kootenay Formation has been dated as 
Late Jurassic (Mellon, 1967) whereas the floral content of the upper 
part of the formation (Bell, 1956) suggests a Barremian (Lower 
Cretaceous) age. It is currently accepted that the Kootenay ranges in 
age from the Late Jurassic to the Early Cretaceous (Mellon, 1967). 

The lower age limit of the "lower Blairmore flora" is indeter- 
Minant; in conjunction with microfaunal studies, a Lower to Middle 
Albian age is suggested for the “lower Blairmore flora" in the type 
area, and thus for the Gladstone and Beaver Mines Formation (Mellon and 


Wall, 1963; Mellon, 1967). 
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The "upper Blairmore flora" is found only in the Mill Creek 
Formation and so is restricted to southern Alberta. The age of this 
flora is late middle Albian or late Albian, thus establishing the upper 
age limit of the Blairmore Group in southern Alberta (Mellon, 1967). 

Deposition of the Blackstone Formation which overlies the 
Blairmore Group began in the Cenomanian or Turonian. In the northern 
part of the study area, the Blackstone contains a fauna of the same age 
as the "Fish-scale" marker which has long been considered the Lower- 
Upper Cretaceous boundary. In the southern part of the area, the base 
of the Blackstone Formation is somewhat younger (Mellon, 1967). 

Correlative units of the Blairmore Group are presented in 
Figure Boel 

The presence of coal seams in the Lower Blairmore of the central 
and northern Foothills prompted McKay (1930) to divide the Blairmore 
Group into the Cadomin, Luscar, and Mountain Park Formations. In 
the same area, the lateral equivalent of the underlying Kootenay 
Formation is the Nikanassin Formation which does not contain coal. 

Several sets of formational names have been proposed for Lower 
Cretaceous strata for various parts of the Plains. Ba southern Alberta 
the lateral equivalent of the Blairmore Group is the Mannville Group. 
The Lower Mannville is correlative to the Gladstone Formation and 
contains a lower Sunburst Formation and an upper "Calcareous Member" 
(Mellon, 1967) or "Ostracode zone" (Brown, 1976). The upper Mannville 
is equivalent to the Beaver Mines Formation, and the Mill Creek Forma- 
tion laterally intertongues with the lowermost marine shales of the 


Colorado Group (Mellon, 1967). 
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Bre) Paleogeography and tectonics 

The Kootenay Formation is part of a molasse sequence which 
records the end of miogeosynclinal deposition which had continued in 
southern Alberta from the Late Precambrian to the Late Jurassic. 
Tectonism in the Western Cordillera caused uplift and the beginning 
of the building of a clastic wedge which spanned Late Jurassic to 
Early Tertiary time (Price and Mountjoy, 1970; Rapson, 1964). Dickinson 
(1976) used the term Rocky Mountain foreland basin for the area of this 
wedge east of the present Rocky Mountains; Stelck (1975) called the 
part of the foreland basin in southwestern Alberta the West Alberta 
Basin. 

The Late Jurassic was marked by the earliest phase of the 
Columbian orogeny (Wheeler, 1967) and tectonic episodes continued 
sporadically into the mid-Teritary, culminating in the Laramide orogeny 
in the Eastern Cordillera (Price and Mountjoy, 1970; Wheeler, 1967). 

Price and Mountjoy (1970) proposed a model in which intrusion 
in the Western Cordillera produced upwelling and lateral spreading in 
the upper crust. The lateral spreading in turn caused development of 
successive, subparallel thrust faults in the Rocky ee each 
intrusion prompting a local surge of thrusting. Hiatuses within the 
Clastic wedge represent cn eeere periods fox the sEaules, 

| With time, the thrusting migrated northeasterly, the clastic 
wedges becoming thicker to the west as they abutted against successively 
emergent thrust sheets (Price and Mountjoy, 1970). In relating the 
Columbian and Laramide orogenies to the active subduction of the Pacieic 
plate under the North American plate, Dickinson (1976) called the area 


of thrusting the backarc fold-thrust belt. 
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The Late Jurassic-Early Cretaceous Kootenay Formation overlies 
the marine Fernie Formation. It records an easterly-prograding deltaic 
environment (Jansa, 1972) and reflects the first uplift in the west. 
Before the deposition of the basal Blairmore conglomerate, hundreds of 
metres of Kootenay sediment were eroded from the area of the present 
Foothills; the erosional surface had low relief and truncated 
successively older strata in an easterly direction (Norris, 1964; Rapson, 
1964). 

The basal Blairmore conglomerate, deposited by high-energy flow 
in a braided river-alluvial plain environment (Jansa, 1972; McLean, 

1976) represents renewed uplift to the west. The rest of the Gladstone 
Formation is distinctly finer grained and was deposited in an alluvial 
floodplain and lake environment (Norris, 1964). 

The Beaver Mines anaMtht Creek pata fuer were also deposited 
in alluvial environments (Norris, 1964). The differences in sandstone 
petrography and the widespread hiatus between the two formations reflect 
pulses in uplift and variations in the source areas due to tectonism 
(Price and Mountjoy, 1970; Mellon, 1967). 

A hiatus at the top of the Blairmore Group and the transgression 
of the Blackstone marine environment ended the continental deposition 
of the Late Jurassic-Early eveckbeods Boveion of the clastic wedge 
(Price and Mountjoy, 1970). 

Mellon (1967) and Holter and Mellon (1972) have attempted to use 
the Gladstone and Beaver Mines formational names for the whole of the 
outcrop trend of the Blairmore and equivalent continental strate in the 
Foothills and to apply a facies model to the complete trend. A 


fluviatile depositional environment with interfingering marine tongues 
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in the northern Foothills was invoked for the Blairmore Group and its 
lateral equivalents. In both papers (Mellon, 1967; Holter and Mellon, 
1972), it was suggested that the Blairmore Group contains examples of 
cyclic sedimentation. Two "ideal" cycles were described for the 
Blairmore, one generated by migrating point bars in a meandering stream 
and the other by a prograding coastline. It was admitted that considerable 
variation was observed in the field and the variation was explained ina 
Single sentence by the statement that the great variation could be 
expected in complex fluvial and deltaic eae acue rate. 

Burwash, et al. (1964) divided the Precambrian basement under 
the plains of Alberta into a number of areas with the suggestion that 
the different areas had contrasting compositions and specific gravities. 
The line of division et ae two of the areas passes through Calgary in 
a northeasterly direction. Stelck (1975) has suggested that this 
differentiation of the basement is responsible for the restriction of 
the Mill Creek to the south of the Bow River. Discussions with Stelck 
(personal communication, 1976) provided the suggestion that the basement 
may have affected the deposition of more of the Blairmore Group than 
fast, the Mill Creek Formation... If ae is the poe Mellon's (1967) 
and Holter and Mellon's (1972) assumption that controls on the deposition 


of the Blairmore extended over the length of the Foothills could be in 
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CHAPTER 4 
GEOLOGY OF THE MEASURED SECTIONS 


4.1 Introduction 

The three sections of the Blairmore Group chosen for measurement 
were Mellon's type section (1967) southeast of the Crowsnest Pass region 
of Alberta, the section along the Sheep River, and the section on Burnt 
Timber Creek. These were chosen for the ease of access as well as length 
and completeness which were needed for use ene Markov analyses. 

Figure 1-1 shows the general locations of the sections. Location 
descriptions of the sections are found in Figure 4-1. Appendix A 
consists of the detailed descriptions of the sections as measured for 
this study and Appendix B lists the sample descriptions coded for cluster 


analysis. 
4.2 Type section 


Location and access 

The type section of the Blairmore Group (Mellon, 1967) is a 
composite section measured in three exposures along Mill Creek and its 
toiburary, Gladstone Creek. The area is 20.6 km. (12.8 mi.) southeast 
of Burmis and 18.0 km. (11.2 mi.) southwest of Pincher Creek. 

Mellon (1967) used three sections to obtain his type section, 
but due to the abnormally high, post-flooding level of the streams, 
Mellon's "eastern" section (the middle portion of the group) along Mill 


Creek was deleted. The lower 280 metres (919 feet) of the Blairmore 
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Group was measured on Gladstone Creek in Sections 25 and 26 of Township 
5, Range 2, West of the 5th Meridian. The portion of the section between 
280 metres and 590 metres (1933 feet) above the base was located along 
Mill Creek in Section 13, Township 5, Range 2, W5M. 

Access is available to Gladstone Creek along good secondary roads 
to the west of the stream and then by foot down to the fue Secondary 
and private roads south and west of Beauvais Lake provide access to the 


eastern side of Mill Creek and from there one must walk to the section. 


General geology 

Imbricate thrust faulting has exposed the Blairmore Group in 
several parallel, elongate blocks in the area of the type section (Hage, 
1943), where the strata dip to the southwest at 45° to 60°. Minor normal 
and thrust faults were observed in the section and compensation was 
made for them where We The generalized geology and the section 
locations na shown in Figure 4-2 and Figure 4-3 is a graphic log of 
the section. 

The section along Gladstone Creek began at the base of the 
3 metre thick basal Blairmore conglomerate and sandstone which uncon- 
formably overlies the Kootenay Formation. The conglomerate grades upward 
into quartzose sandstone and varicloured claystones and siltstones, 
typical of the Gladstone Formation. The total thickness of the Gladstone 
is 77 metres (253 feet) with the top consisting of 14 metres (45 feet) 
of very fine grained limestone and calcareous claystone of the Calcareous 
Member. 

The lower 204 metres (669 feet) of the Beaver Mines Formation 


was also measured along Gladstone Creek. The base of the formation was 
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Figure 4~2. Generalized geology of the type section area 
fafter Hage,1943}. 
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set at the base of non-calcareous claystones and siltstones which overlie 
the Calcareous Member and which grade upward into a pebble conglomerate. 
The formation consists mainly of grey or red and green claystones inter- 
bedded with thin sandstone units. Thick, medium to coarse grained, 
green-grey, generally massive sandstones were observed at 61 and 151 
metres above the base of the ceed ten: 

The upper 95 metres of the Beaver Mines Formation was measured 
in exposures along Mill Creek. The succession of interbedded claystones, 
siltstones, and sandstones continue for this part of the formation. 

The top of the formation was set at the top of 12 metres of interbedded 
claystone and fossiliferous limestone. This carbonate unit had not been 
described previously and is included in the Beaver Mines Formation since 
the overlying sandstones were distinctive and typical of the Mill Creek 
Formation. The total thickness of the Beaver Mines is 298 metres (978 
feet). 

The Mill Creek Formation, including the Crowsnest Member, was 
found to be 215 metres (705 feet) thick. The base of the volcanic 
rocks of the Crowsnest Member was gradational and was set at the base 
of the lowest, thick, massive tuff, 89 metres above the top of the 
Beaver Mines Formation. The lower portion of the formation consists 
of light-colored sandstones and grey or mottled red and green claystones 
and siltstones. Particularly thick, cross-bedded sandstones were 
observed 18 and 42 metres above the base of the formation. 

The Crowsnest Member, 125 metres thick, consists predominantly 
Of volcanic tuffs and agglomerates. Many of the volcanic units exhibit 
evidence of reworking by water and are interbedded with claystones and 


Siltstones. 
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Overlying the Mill Creek Formation are the easily recognized, 
fissile shales of the Blackstone Formation. 

The type section is fairly typical of the three sections 
discussed here in terms of sedimentary structures. Trough cross- 
stratification was observed once in a conglomerate, three times in 
medium grained sandstone, and twice in each of fine and very fine 
grained sandstone. An unidentified type of cross~stratification was 
observed only three times and ripple marks were noted five times. 

Ten occurrences of calcareous concretions were noted. These 
were mainly contained within claystone units and were not within close 
vertical proximity to any thick sandstone. Plant Pyeomence were 
observed in the finer grained lithologies but most of the sandstones 
contained a detrital fraction of carbonaceous material. Mud clasts 
were rare in abundance and recognized only in the finest grained 


lithologies. 


Lithotypes 


The 261 samples collected from the type section were described 
and coded for cluster analysis according to the detailed descrition 
outlined in the "Sample description" portion of Chapter 2. The number 
of attribute states used in the analysis was 130, and the resultant 
dendrograph is shown in Figure 4-4. 

The second cluster analysis which excluded the petrographic 
data uses 244 samples described by 69 attribute states. AS stated 
in Chapter 2, the two cluster analysis methods grouped the samples in 
a very similar way and the second clustering (Figure 4-5) was used to 


code the section for further study. 
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The difference in the number of samples between the two analyses 
was due to the elimination of the limestone samples from the second 
analysis. Too few carbonate units and transitions from carbonate to 
other lithologies were present in the section for meaningful inclusion 
in Markov analysis and hence they were deleted. 

The descriptions of the main clusters of samples or the litho- 
types are as follows: 

Lithotype Tl: mean grain size of very fine sand with a range 
of silt to fine sand; subangular to subrounded clasts; poor to moderate 
sorting; green-grey, weathering grey; sharp to gradational lower contact; 
rarely cross bedded. 

Lithotype T2: mean grain size of silt, range of clay to very 
fine sand; angular to subangular clasts; moderate sorting; green-grey 
to grey, weathering grey; sharp lower contact; rarely cemented 

Lithotype T3: mean grain size of clay, range of clay to silt; 
moderately to well sorted; red and green, grey, or green-grey, weathering 
Picard green or grey; sharp to gradational lower contact; local 
concretions, laminations, and plant fragments. 

Piatkotype T4: mean grain size of fine sand, ranging from very 
fine to medium sand; subangular to subrounded clasts; moderate to poor 
Sorting; green grey, weathering the same; sharp lower contact; rare 
bioturbation. 

Lithotype T5: mean grain size of medium sand with a range of 
very fine to medium sand; subangular to subrounded clasts; moderately 
to well sorted; green grey to grey, weathering the same; sharp to 
gradational lower contact, locally erosional; locally abundant cross~- 


bedding (mainly in the Mill Creek Formation). 
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In addition to clustering the whole section, the samples from 
the Beaver Mines Formation were used as input to a cluster analysis for 
use in a Markov analysis of that formation alone. The number of samples 
totalled 179 and the attribute states 69. Figure 4-6 depicts the 
Gendrograph of this clustering and the lithtype descriptions follow. 

Lithotype TBMl1: mean grain size of silt, range of clay to sit; 
angular to subangular clasts; moderate to poor sorting; dark green-grey, 
weathering grey; sharp to gradational lower contact; occasionally 


laminated. 


Lithotype TBM2: mean grain size of very fine sand, range of clay 


to fine sand; subangular to subrounded clasts; poor to moderate sorting; 
green-grey, weathering the same; sharp to gradational lower contact; 
rare cross-bedding and plant fragments. 

Lithotype TBM3: mean grain size of fine sand, range of very 
fine to medium sand; poor to moderate sorting; green-grey, weathering 
the same; sharp lower contact. 

Lithotype TBM4: een grain size of medium to coarse sand, 
range of fine to very coarse sand; subangular to subrounded clasts; 
moderate to poor sorting; green-grey, weathering the same; sharp to 
gradational lower contact. 

Lithotype TBM5: silty clay, grain size range of clay to silt; 
moderately to well sorted; green-grey or red and green, weathering grey 
or red and green; sharp lower contact. 

Lithotype TBM6: grain size of clay, range within clay size; 
Well sorted; grey to green-grey, weathering grey; gradational to sharp 


lower contact; occasional plant fragments and concretions. 
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4.3 Sheep River section 


Location and access 

The Sheep River section was measured in one continuous exposure 
along the Sheep River in the Rocky Mountain Foothills of southwestern 
fo bertaw, Ihe area is located /30.9 km. (19.2 mi.) west of Turner Valley 
and 69.5 km. (43.2 mi.) southwest of Calgary. Specifically, the section 
is in Section 24, Township 19, Range 6, W5M and Section 19, Township 
19, Range 5, W5M. 

Forestry roads running west from Highway 22 at Turner Valley 
provide access to the north bank of the Sheep River; from the road one 


must walk down to the section. 


General geology 
The Blairmore Group in the Sheep River section crops out on the 
east limb of an anticline with dips ranging between 70° SW (overturned) 
and 30° NE (Hage, 1946). The sections contain the complete Gladstone 
Formation, whereas the Beaver Mines and the Mill Creek Formations both 
have faulted upper contacts. The complete section is 493 metres 
(1618 feet) thick. See Figure 4-7 for a generalized geological map 
and section location and Figure 4-8 for a graphic log of the section. 
The Gladstone Formation is 167 metres thick and Sa eee ieee 
Overlies the Jurassic-Cretaceous Kootenay Formation. At the base of 
the Gladstone is a 4.5 metre thick chert-quartzite-pebble conglomerate. 
Between the conglomerate and the uppermost Calcareous Member, the 
formation consists of interbedded grey claystone, siltstones, and medium 
grey, fine to medium grained sandstones. The sandstone units are less 


than five metres thick and generally massive. The very fine sandstones, 
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Figure 4-7. Generalized geology of the Sheep River 
section ared (after Hage,1946). 
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siltstones, and claystones are often bioturbated or contain concretions. 
Transported calcareous algal balls (identified by C.R. Stelck , 1975) 
were observed in a few claystone units near the base of the formation, 
well below the Calcareous Member. 

The Calcareous Member occurs 134 Heieees above the base of the 
formation and was measured to be 30 metres thick. This is much thicker 
than previously published measurements (Mellon, 1967) and repetition due 
to faulting is suspected. The base of the Calcareous Member is at the 
base of the lowest limestone unit and the member consists of interbedded 
fresh-water limestone and calcareous claystones and siltstone. 

The Beaver Mines Formation is 240 metres (786 feet) thick with 
the base at the lower contact of a fine grained massive sandstone which 
has tool marks at its base. The formation is made up of grey to green- 
grey claystones and siltstones interbedded with very fine grained to 
medium grained, grey to green-grey sandstones. The claystones and 
siltstones often contain plant fragments or concretions and are often 
bioturbated. The finest grained sandstones are generally massive and 
contain mud clasts. Particularly resistant, thick sandstone units were 
Observed at 17 metres (13.5 metres thick), 43 ettes (7.5 metres thick) 
and 118 metres (14.5 metres thick) above the base of the formation. 
These units are massive and consist of fine to coarse grained, green- 
grey sandstone. 

The top of the exposed Beaver Mines Formation is in a 12.5 
metre thick sequence of poorly exposed, red and green, interbedded 
Claystone and siltstone. This unit was interpreted as a fault zone in 


which the Beaver Mines Formation had been thrust over the younger Mill 


Creek Formation. The faulting occurred near the actual top of the Beaver 


Mines Formation. 
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The Mill Creek in this section is faulted at both the top and 
bottom of the exposure. Between the faults, the formation is 89 metres 
(293 feet) thick. The base of the formation is at the base of the 
first grey sandstone overlying the red and green claystone unit previously 
described as containing the fault zone between the Beaver Mines and 
Mill Creek Formations. The rocks constituting the Mill Creek Formation 
are grey or red claystones interbedded with grey siltstones and medium 
grey, very fine to fine grained sandstones. Cross-bedding is rare but 
mud clasts and bioturbation were observed in the section but just down- 
stream (Sec. 35, Tp. 19, R. 5, W5M) a 12.5 metre thick grey sandstone 
was observed on the crest of an anticline. The sandstone body has a 
horizontal extent of approximately 150 metres, laterally grading into 
claystones and siltstones, and was interpreted to be a fluvial channel 
deposit. 

ye the measured section, the top of the Mill Creek Formation 
is truncated by a fault along which the Mill Creek Formation was thrust 
Over the Blackstone Formation. 

The Blackstone Formation, consisting of black, fissile, marine 
shales, was observed downstream to be overlying Ppa MT Creek 
Formation. 

A greater number of lithologic units were recognized in the 
Sheep River section and subsequently there are a greater number of 
Sedimentary structures than in the type section. Both large- and small- 
Scale trough cross-stratification were recognized. The large-scale 
forms were confined to fine and coarser grained sandstones, whereas the 
smaller trough cross~beds were in siltstone, very fine grained sandstone, 


and medium grained sandstone. Unidentifiable types of cross-stratification 
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were all small in scale and were found in fine grained sandstone to 
siltstone, probably generated by ripples. Identified ripple marks 
were mainly confined to the finest lithologies. 

Plant remains were found in all lithologies, however, they were 
most common in claystone. The occurrences of calcareous concretions 
and bioturbation were restricted to Beano ane to very fine grained 
sandstone, claystone again having the greatest abundance. Mud clasts 


were present in all lithologies. 


Lithotypes 

The 368 samples collected from the Sheep River section were 
clustered using 77 attribute states by the method outlined in Chapter 2 
for the Sheep River and Burnt Timber Creek sections. The descriptions 
of the lithotypes derived from the dendrograph for the complete section 
(Figure 4-9) are as follows: 

Lithotype Sl: grain size range of very fine sand to conglomerate, 
dominated by very fine grained sandstone; angular to subangular clasts; 
poorly to moderately sorted; sharp to gradational base; 8% to 20% dark 
Minerals; 2% to 10% carbonaceous material; rare plant remains; dark 
green-grey to grey, weathering green-grey to grey. 

Lithotype S2: mean grain size of silt, range of clay to medium 
Sand; angular to subangular clasts; moderate sorting; 1% to 10% dark 
Minerals; 1% to 15% carbonaceous material; rare plant remains; sharp to 
gradational base; dark green-grey, weathering green-grey or grey. 

Lithotype $3: mean grain size of clay, range of clay to silt; 
poor to moderate sorting; sharp to gradational lower contact; very rare 


Plant remains; dark green-grey to medium grey, weathering grey. 
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Lithotype S4: mean grain size of silt, range of very fine sand 
to clay; poor to moderate sorting; sharp lower contact; 0% to 4% dark 
minerals; 0% to 2% carbonaceous material; no plant remains; light to 
medium grey, weathering grey. 

Lithotype S5: mean grain size of clay, range of clay to fine 
sand; moderate sorting; 0% to 6% carbonaceous material; sharp to grada- 
tional lower contact; Occasional plant remains; black to grey, weathering 
grey. 

Lithotype S6: mean grain size of clay, no range; moderately to 
well sorted; 0% to 2% carbonaceous material; rare plant remains; sharp 
lower contact; dark green-grey to grey, weathering grey. 

A cluster analysis Serene samples from only the Beaver Mines 
Formation in the Sheep River section was also performed with 167 samples 
and 77 attribute states. The lithotypes chosen from the resultant 
dendrograph (Figure 4-10) are: 

Lithotype SBMl1: mean grain size of very fine sand, range of 
silt to fine sand; angular to subangular clasts; poorly sorted; 8% to 
20% dark minerals; 3% to 10% carbonaceous material; sharp to gradational 
base; dark green-grey, weathering grey. 

Lithotype SBM2: mean grain size of fine sand, range of very fine 
to medium sand; angular to subangular clasts; poor sorting; 10% to 20% 
dark minerals; 0% to 5% carbonaceous material; sharp to gradational 
lower contact; dark green-grey, weathering grey or green-grey. 

Lithotype SBM3: mean grain size of medium sand, range of fine 
to coarse sand; angular to subangular clasts; poor sorting; 5% to 20% 
dark minerals; 1% to 5% carbonaceous material; rare plant remains; 


gradational to sharp lower contact; dark green-grey, weathering grey. 
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Lithotype SBM4: mean grain size of silt, range of clay to silt; 
angular clasts; poorly sorted, 5% dark minerals; 5% carbonaceous material; 
gradational to sharp lower contact; dark green-grey, weathering grey. 

Lithotype SBM5: mean grain size of silt, range of clay to 
silt; very angular to angular clasts; poorly sorted; 10% to 20% dark 
minerals; 10% carbonaceous material; occasional plant remains; sharp 
lower contact; dark green-grey, weathering grey or green-grey. 

Lithotype SBM6: grain size of clay; well sorted; 0% to 5% 
carbonaceous material; sharp base; occasional plant remains; dark green~ 
grey, weathering grey. 

Lithotype SBM7: mean grain. size of clay, range of clay to silt; 
poor to moderate sorting; 7% carbonaceous material; gradational to sharp 


lower contact; dark green-grey, weathering grey. 
4.4 Burnt Timber Creek section 


Location and access 

Part of the Blairmore Group was measured along Burnt Timber 
Creek in the south-central Foothills of Alberta. The section is 42.5 
km. (26.4 mi.) southwest of Sundre and 96.5 km. (eo northwest of 
Calgary. The exposure is in Township 30, Range 9, W5M, 6.5 km. (4 mi.) 
upstream of the confluence of the Red Deer River and Burnt Timber Creek 
and along the main branch of the stream. 

Access to the section is available by the Forestry Trunk Road 
to where the road crosses the creek. A trail along the north side of 
Burnt Timber Creek leads to the base of the section 1.3 km. east of 


the trunk road. 
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General geology 

The northwesterly-trending Burnt Timber Thrust has Jurassic 
and Cretaceous formations (including the Blairmore) exposed in its hanging 
wall (Ollerenshaw, 1966). The strata dip to the southwest at angles 
between 26° and 45°. Locally, there is severe deformation by folding 
and faulting due to the proximity of major thrust faults. See Figure 
4-11 for the generalized geology and measured section location and Figure 
@-12 for a graphic log of the section. 

The lowest formation of the Blairmore Group, the Gladstone, is 
poorly exposed along Burnt Timber Creek. At the base of the formation 
is a 10 to 15 metre thick chert-quartzite conglomerate which lies with 
an erosional unconformity upon the Jurassic-Cretaceous Kootenay Formation. 
mnie ypart of the formation between the basal conglomerate and the Cal- 
careous Member is rarely exposed and no attempt to measure the formation 
or to estimate the total thickness was made. The Calcareous Member was 
recognized in poor exposures but was severely folded and sheared and 
no measurement was made. 

The Beaver Mines Formation was the only portion of the group 
measured in detail at this locality and was found to be 238 metres (782 
feet) thick. The contact with the underlying Gladstone Formation was 
Partially covered so measurement began at the base of a thick, fine 
grained, green-grey sandstone. The formation consists of interbedded 
grey to green-grey claystones, siltstones, and very fine sandstones with 
Occasional coarser sandy units. These moderately thin sandy units aoe 
than 2 metres) alternate between being massive and being cross-stratified 
and occasionally contain mud clasts and plant remains. The section 


contains a number of thick, resistant units which are either fine to 
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Figure 4-12. .Graphic log of the 
Burnt Timber Cree 
section. 
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medium grained, cross~bedded sandstones or coarse to medium grained, 
massive sandstones. 

The Mill Creek Formation does not appear in the stratigraphic 
section in this part of the Foothills (Mellon, 1967), thus the Blackstone 
Formation rests directly upon the Beaver anes Formation. The actual 
contact between these two formations was poorly exposed on Burnt Timber 
Creek. Below the typical black, fissile shales of the Blackstone 
Formation is a black-and-white banded sandstone which overlies a dark 
grey shale. Mellon (1967) stated this shale contains a "Fish-scales" 
fauna which indicates a Blackstone age for the shale and overlying 
units. Therefore, the top of the Beaver Mines Formation is placed at 
the top of the very fine grained sandstone beneath the dark grey shale. 

In the Beaver Mines Formation in the Burnt Timber Creek section, 
large-scale trough cross-stratification was observed in very fine to 
coarse grained sandstone. Four occurrences of large-scale unidentified 
cross-stratification were noted in fine to medium grained sandstone. 
Seven occurrences of small-scale cross-bedding of an unidentified 
type were noted in the lithologies of siltstone to fine grained 
sandstone. Ripple marks were found only in one oe One occurrence 
of load casts were seen in a very fine grained sandstone. 

Plant debris and mud clasts were found in all types of lithologies. 
Bioturbation was restricted to claystones and siltstones. One occurrence 


of calcareous concretions was noted in a claystone unit. 


Lithotypes 


A total of 207 samples from the Burnt Timber Creek section were 


described by 77 attribute states in the same format as that used for 


65 


i ae re ae 4 : vs “ig 7 
ee i i) = th 
nd ' " 
; 7 
7 Hi f rt a 
; i; r - 
Pee ; oe nh ieegl pee ‘Na é ts Ry. 
1, iy et Ot Lan ni by ey Ot Hex 2 oe oO Bi & Br ey 2 kabbothapoN 
vcd svn iuiroasngs lamiiacd bbb ie iti ve eG 
0: ee i 
t rey 
" } y . ave 
eRe ee Pe ee BOS TN &. S6i% Sank emer ee 
' 
| me ' 
OF eae { } ' : } i} ” \ 


‘ 
é P P . 1 “J ye r 
i 
f — 
’ ; i MW tod 
( , au Se 
i As 
g ‘ i wow 
i 4 f 
2h ne ‘Te Poul i 


it 4 4 ¥ 4 if "oe } 
ty ; x 
oP rey eer ge f , If 
« feta vs ty; . ON? ray 
i E ee | 
Pan " f Callie oy beh Oe ee ee 
‘ ES ae ES i (ao as iis TD Siar eee pS ee eee 
y - v. i z bas, 
tape oy : Wipe Rae che han tr soe 
on =) awe “ ‘nn 4 i : Sy) r 
Bite Liagiominry ss 4 in ew) Pd COR ee Saree epee 
7 rah +. ' ~S 
t ce , ii» 
H 4 ‘ 
ea = bons (iets So ish Belo s 
' * 45 
an 
-} = . ng es Sng ~ F ie~ of ) 
ie Me a - Cy) TTS oy ee at are Ei 
r ; ' ‘ 6.4 Jtyh) r i om a 
fe: ae ’ i ’ th 
eel ox apr wee ahi A. pegs br 6° Sie dha ope fy am 
1) {? 4 ‘al cna. mT eis tw {te Bae : aS at ify ‘se oo a 
: i a a eer : ny if » a 


PANS LUO So" or10 Lena Le hey ty Pury Bip Ot ) vues bf 
. av \ Ore ee yh) po eam: 


Men yEre J aE bal) Baeree eG) anit viow vel ees 


\ na, - m : on 
SS a ae en en, f ieee ee 
JITe a AWD 9 ef0 ecoahiayoo i De LPT agnd te Ar is :) int cdl ei see 
rf ) : . +e ; 
A 7 ; J 7 7 
a0 P ; . & : ® : , ne 


| . eee ae 
: ; 13 Sit TOTALS 3 & rik, ota, zoe am ites 


' if ‘ A 


Fil*. eh< " i ot ' ~~ 7 > 
‘ Th € 7 wrt ls ug a ‘a 


: #198 Nos! 392 Hootd sadintT sa <5. voy tag aaly 
J : Pa ; | a a : rey Be 
| tom Bway Jat? eG och: nit ies ah, Hh: 


66 


the Sheep River section and were subjected to cluster analysis. The 
lithotypes chosen from the resultant dendrograph (Figure 4-13) have 
the following description: 

Lithotype Bl: grain size of medium to coarse sand, range of 
fine to very coarse sand; angular clasts; poorly sorted; 8% to 153% 
dark minerals; 1% to 5% carbonaceous material; sharp to gradational 
lower contact; rare plant remains; locally abundant large trough cross- 
stratification; dark green-grey, weathering green-grey. 

Lithotype B2: grain size of fine to medium sand, range same; 
angular clasts; poorly sorted; 8% to 12% dark minerals; 1% to 3% 
carbonaceous material; very rare plant remains; green-grey, weathering 
grey; abundant large-scale cross~stratification; sharp to gradational 
lower contact. 

Lithotype B3: mean grain size of very fine sand, range of silt 
to fine sand; angular clasts; poor to moderate sorting; 5% to 12% dark 
Minerals, 1% to 5% carbonaceous material; rare plant remains; dark 
ae weathering grey to green-grey; rare cross~bedding; sharp 
to gradational lower contact. 

Lithotype B4: mean grain size of silt, estes of clay to very 
fine sand; moderate to poor sorting; 3% to 7% carbonaceous material; 
no plant remains; dark green-grey to dark grey, weathering green-grey 
or grey; gradational to sharp lower contact. 

Lithotype B5: mean grain size of clay, range of clay to very 
fine sand; well to moderately sorted; sharp lower contact; very rare 


Plant remains; dark grey to dark green-grey, weathering grey to green-grey. 
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4.5 Summary 

A summary comparison of the lithotypes is presented in Figure 
4-14 where the grain size average and range is plotted for each of the 
lithotypes described above. 

For use in Markov analyses and for sedimentological interpretation, 
the grain size of the rocks was considered very important. Hence, the 
attribute of sample grain size was given twice the normal weight in the 
coding for cluster analysis. From the above descriptions of the litho- 
types and from Figure 4-14, it can be seen that grain size was the 
attribute with the most influence on the clustering of the samples. This 
is partially a function of the doubled weight as well as the similarity 
among the samples of the same grain size. The restriction of keeping 
the number of lithotypes small for valid Markov analyses did not allow 
greater differentiation of the sample groupings which actually was 
possible from the dendrographs. 

The lithotypes of the Beaver Mines Formation of the Sheep River 
section are somewhat unigue in this set of analyses. The abundance of 
Cclaystones and siltstones relative to the coarser grained units permitted 
finer distinctions to be made among the finest Pines lithogies. Thus, 
seven lithotypes were identified for this set of samples with four of 
them being made up of claystone and siltstone. Lithotypes SBM4 and SBM5 
have the same grain size average and range and may be distinguished by 
the presence of plant debris in SBM5 and the absence of the same in 
SBM4, 

Because of the dominating influence of grain size in the 
clustering of the samples, the procedure of cluster analysis is of limited 


value in this type of study. The identification of the units by grain 
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Figure 4-14. Summary diagram of the lithotypes used. Comparisons 
are based on the grain size of the lithotypes. The 
solid black areas represent the average grain size, 


the lines the grain size range. 
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size can easily be done by a geologist without the time- and money- 
consuming process of describing and coding each sample and subjecting 
sets of samples to cluster analysis. The two methods of classification 
used in this study produced essentially the same results and it is 
strongly suggested that cluster analysis does not add substantially to 
this type of investigation. 

The most obvious feature of classification by grain size alone 
is that simple, short descriptive terms are all that are necessary for 
a readily understood discussion. Using lithotypes, a major stumbling 
block is the difficulty in discovering what each lithotype represents 
and remembering the distinguishing attributes among them all. Ethier 
(1970) arrived at the same See iaioh and commented that the procedure 
was an interesting comparison between eran and machine logic. 

As stated above, the lithotypes generated in this study were 
very similar to the lithologic units identified by grain size alone. 
Because of this the lithotypes were used only in the Markov analyses. 
Sedimentological discussions (Chapter 6) used only the grain size 
lithologic units which are more easily understood and which represented 


the same results as the lithotypes. 
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CHAPTER 5 
MARKOV CHAIN ANALYSES 


el Introduction 

The testing done for the presence or absence of a Markov property 
in the measured sections used the embedded Markov chain model. The 
analysis was done on the complete Blairmore Group for the type section 
and the Sheep River section. Two analyses were done for each section; 
One used units defined by grain size and the other units defined by the 
lithotypes described in Chapter 4. 

Because the Beaver Mines Formation forms the bulk of the Blair- 
more Group, it was tested independently. This was done for the type 
section, the Sheep River section and the Burnt Timber Creek section, 
again, both by grain size and by lithotypes. 

A test was made in all the combinations mentioned above for the 
presence of Schwarzacher's (1969) definition of geological cyclicity 
which was discussed in Chapter 2. This was done by structuring the 
transition probability matrices as regular Markov chains at 1 and 2 
metre intervals. 

Section 5.2 contains the results from the studies of the complete 
Blairmore Group. In one subsection, the results of the tests for Markov 
dependency and geological cyclicity are presented for the two sections 
coded according to grain size and a second section contains the results 
for the same sections coded by lithotypes. Section 5.3 has the same 


format and contains the results for the Beaver Mines Formation. 
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The transition probability and difference matrices of the 
embedded chains are included in the text and also with the respective 
transition frequency and independent events matrices in Appendix C. 

The transition frequency and the transition probability matrices for 
the regular chains are all in Appendix C. 

The question of stationarity in a Markovian sense is hard to 
answer for the Blairmore Group. In the Coe section and the Sheep River 
section, the transition probability matrices for the complete group and 
for the contained Beaver Mines Formation are very similar, suggesting 
that the sections are stationary. 

The Beaver Mines Formation sections were divided into upper and 
lower halves and transition probability matrices were generated for each 
of these halves. The resultant matrices were distinctly different 
between the one halves of the same section. In order to test for 
Stationarity, Schwarzacher (1975) suggested dividing a long section into 
equal fractions «2. for as long) as the data permit! (p. 111). It-is 
concluded that the Beaver Mines Formation did not contain sufficient 
transitions to properly estimate probability matrices at any level less 
than the complete formation. Therefore, it was not possible to test 
the Beaver Mines Formation for stationarity by this method. 

The Blairmore Group is considered stationary because of the 
similarity of the transition probability matrices of the complete group 
and its component formations. It must be noted that any interpretation 
dependent on this assumption is subject to modification if the Blairmore 


is later proven to be non-stationary. 
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be Results for the Blairmore Group 


In Chapter 2 it was stated that the thicknesses of all lithologies 
in a section must have a geometric distribution for the valid use of a 
regular Markov chain (Krumbein and Dacey, 1969). The histograms of 
lithologic unit thicknesses are presented for the type section in Figure 
5-1 and for the Sheep River section in Figure 5-2. Even though the 
claystones, siltstones, and very fine grained sandstones approach but 
do not appear to resemble a geometric distribution, no tests were done 
on the ap etripeeions Since the thicknesses of the medium and coarser 
grained sandstones and the fine grained sandstones definitely have ncon- 
geometric distributions. Since geometric distributions are not present 
for all lithologies, only the embedded Markov chain is valid (Krumbein 
and Dacey, 1969) and a regular chain may be used only to test for the 


presence of geological cyclicity (Schwarzacher, 1975). 


Grain size lithogies 

The sections were divided into lithologic units defined by the 
grain size of the unit: claystone (clay), siltstone (silt), very fine 
grained sandstone (v.f.), fine grained sandstone (fine), medium grained 
Sandstone to conglomerate (med+). (The abbreviations in brackets are 
those used in following figures, tables and graphs.) The number of 
transitions from each lithology upward to every other lithology were 
counted and tabulated into transition frequency matrices. The counts 
were converted to probabilities and aeneired into transition probability 
Matrices. These were tested against the null hypothesis that a random 
process caused the vertical arrangement of the lithologic units. 


In both the type section and the Sheep River section, the null 
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Figure 5-1. Frequency distributions of lithologic unit 


thicknesses of the complete Blairmore Group 
in the type section. Vertical axes in terms 


of the mumber of units. 
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Figure 5-2. Frequency distributions of lithologic unit 


thicknesses of the complete Blairmore Group 


in the Sheep River section. Vertical axes are 


the number of units. 
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hypothesis was rejected in favour of the presence of a first-order 
Markov chain process at a 99.9% level of niet oe This can be seen 
by comparing the observed test statistics, 110.833 (type section) and 
204.331 (Sheep River section) with the calculated Na Value of 31.3 
with a 11 degrees of freedom. 

Independent events matrices (Appendix C) were calculated for each 
of the sections and were subtracted from the respective transition 
probability matrices forming the difference matrices. The results are 
graphically presented as transition pattern diagrams; the lithology 
associations and the numerical values were taken from the difference 
matrices of the type section (Table 5-1) and the Sheep River section 
(Table 5-2) and are in Figure 5-3. 

Transition Prosaniliries were compiled at 1 metre and 2 metres 
sample intervals for the type section and the Sheep River section (see 
Appendix C for these and other matrices). The graphs of the transition 
probabilities of the elements of the principal diagonals of the matrices 
at successive powers of the matrices are presented in Figure 5-4 and 5-5. 
With these graphs are the eigenvalues of the respective matrices. 

In both the type section and the Sheep River section, all of the 
transition probabilities approached a stable value by exponential curves, 
which should indicate that the Blairmore Group is non-oscillatory in 
these sections. 

The eigenvalues for the 1 and 2 metre sample interval matrices 
of the Blairmore Group in the type section contained both positive real 
numbers and complex numbers. The existence of a complex eigenvalue 
Suggests oscillatory behavior however, for the 1 metre intervals all 


of the elements decreased exponentially until the matrix reached its 
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Complete type section - Grain size lithologies 


Transition probability matrix: 
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00 
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0.51 
G. 

0.24 
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Difference matrix: 


clay 
clay 0.00 
silt 0.08 
She bs O20 
fine (os i 
med+ eae 4 
2 
observed 
2 


silt Vie. fine med+ 
0.14 -0.07 0.02 -0.08 
0.00 O20L -0.10 -0.10 
=0.05 0.00 =0.06 0. Ob 
-0.14 0.02 0.00 G03 
bot Sez G12 Ora? 0.00 


= 110.833 


=o 34i5 5 


(,001, 11) (calculated) 


Table 5-1. 


Transition probability and difference matrices for the 
type section grain size lithologies units for the 


complete Blairmore Group. 
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Complete Sheep River section - Grain size lithologies 


Transition probability matrix: ; 
clay silt Vel. fine med+ 
clay 0.00 O257 O230 On 20 0.03 
Sault On v2 0.00 0.20 0.06 0-02 
0.47 0.41 0.00 0.02 Os 0 
fine 0209 Oc2S Ones 0.00 OnL2 
0.21 0.38 O25 0.15 0.00 


ip Oe 
med+ 


Dafterence matrix: 
Chay silt Viel. fine med+ 


file 0.00 piest: Oget-—OFOR i or0.02 0.05 
Pater OlNS O00, 1205074" -0.05)-) -0.05 
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Table 5-2. Transition probability and difference matrices for the 
complete Blairmore Group in the type section using grain 


Size lithologies. 
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Figure 5-3. Transition pattern for the grain size 


lithologies of the Blairmore Group of the 
(A) type section and (B) the Sheep River 


section. 
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stable value at the 34th power. The modulus of the complex eigenvalue 
of this matrix was 0.5576. For the 2 metre sample interval, the 
matrix stabilized at the 18th power with all but one lithology reaching 
stability exponentially. The exception was very fine grained sandstone 
which decreased from 0.4483 to 0.1859 at the 7th power and then 
increased to 0.1861 at the 10th power. The modulus of the complex 
eigenvalue was 0.3453. | 

The type of curve described by the very fine grained sandstone 
mentioned in the previous paragraph was noticed in a number of instances 
Which will be noted later. In all of the cases a complex eigenvalue 
was present in conjunction with variations in the fourth decimal place 
(single-precision computation), of the powered transition probabilities. 
The deviations from exponential curves were so slight that no period 
of recurrence was obtainable. The result was that the matrices appear 
non-oscillatory, although the eigenvalues showed there were strongly 
damped oscillations. Therefore, for the 2 metre sample interval of 
the Blairmore Group in the type section, the very fine grained sandstones 
appear to have strongly damped oscillations and no definable period of 
recurrence and the matrix is non-oscillatory. 

The 1 and 2 metre sample matrices of the Blairmore Group in the 
Sheep River section reached the stable values at the 19th and 18th 
powers respectively. The eigenvalues in both of these matrices were 
all positive real numbers, and therefore, the Blairmore Group in the 


Sheep River section is non-oscillatory. 
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Lithotypes 


The type section and the Sheep River section were divided into 
units according to the respective lithotypes described in Chapter 4. 
The same techniques as were used for the grain size lithology units 
were used to perform Markov chain analyses with lithotype units. 


The null hypothesis of a random process was strongly rejected 


2 ; 2 
in the type section x = 106.44 versus 6 = 341.3 
observed G00 La) 

2 

and in the Sheep River section x = 156.61 versus 

observed 
2 
x = 43.8] . 

(20017, 619) 


The difference matrix of the type section (Table 5-3) produced 
the transition pattern of Figure 5-6A. The matrix for the Sheep River 
section (Table 5-4) revealed the transition pattern of Figure 5-6B. 

Below each of the patterns which contain the lithotype names are the 
same patterns with descriptive terms substituted for the lithotype names. 

The 1 metre sample interval produced from the type section 
stabilized at the 26th power with all of the transition probabilities 
decreasing exponentially (Figure 5-7). The eigenvalues are both positive 
real and complex numbers and the modulus is 0.4704. The oscillations 
indicated by the eigenvalues were strongly damped and not apparent in 
the aed values of the transition probabilities. 

At the 2 metre interval, the matrix reached equilibrium at the 
14th power and all but Sue the lithotypes approached its stable 
value by an exponential curve. Lithotype T3 (very fine grained sandstone) 
reached its stable value by an oscillatory path. The eigenvalues contained 


both positive and negative real numbers which suggest oscillatory 
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Complete type section - Lithotypes 


Transition probability matrix: 


va 2 23 T4 TD 

[1 0,00 O239 Ouze 0.27 Oa12 
iis 0.50 0.00 0.31 0.06 Oa We 
ce 0.55 Ona 0.00 On Oc 
T4 0.42 0.08 Ga23 0.00 OPN 
0.24 0.24 0.24 0.00 


a) 0.29 


Difference matrix: 


Te ae As 20! 10S 

eal 0.00 OF i 0.06 ©2602 -0.06 
Tye 0.16 0.00 O20/ -0.15 -0.02 
As} 0.14 -~O.11 0.00 0.00 -0.04 
T4 0.04 m=() oes 0.00 0.00 0.08 
15 -0.09 0.01 OFO. 0:03 0.00 

2 
oq = 106.448 

observed 

2 

= 31.3 


C.001,, 1) (calculated) 


Table 5-3. Transition probability and difference matrices for the 


lithotypes of the complete Blairmore Group in the type 


section. 
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Complete Sheep River section - Lithotypes 


Transition probability matrix: 


Sl S2 $3 S4 $5 S6 

Sl 0.00 0-31 0.24 0.13 Omar 0.20 
S2 O21 0.00 0.32 0.09 521 0.16 
S3 0.26 0.49 0.00 0.08 0.05 0.13 
S4 0.29 0.03 0223 0.00 0.29 Om? 
s5 0.37 0.14 0.09 O23 0.00 O27 
ae 0.31 0.23 0.05 0.33 0.08 0.00 


Difference matrix: 


Sl S2 S3 S4 S5 S6 

SL 0.00 0.06 02:02 -0.06 -0.05 OF 02 
$2 -0.07 OL,00 O20 -0.08 0505 -0.01 
$3 0.00 O226 OROO ~0.09 -0.10 -0.05 
S4 0.03 -0.20 0.03 0.00 0.14 Ol 
S5 Oot -0.09 -O.11 OnOS: 0.00 OnOn 
S6 0.06 O08 -0.15 0), ES -0.07 0.00 

2 

= 156.610 
observed 
2 
= 43.8 


x 


(.001, 19) (calculated) 


Table 5-4. Transition probability and difference matrices for the 


lithotypes of the complete Blairmore Group in the Sheep 


River section. 
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behavior. The recurrence probabilities were calculated and plotted 
for lithotypes Tl and T3 (Figure 5-8). Though oscillatory behavior 
was indicated by the eigenvalues and for T3 by the transition probabilities, 
no period of recurrent was found and the matrix is non-oscillatory. 
The 1 metre interval matrix for the Sheep River section reached 
stability at the 16th power. All of the transition probabilities 
followed exponential curves toward the stable values (Figure 5-9) and 
all of the eigenvalues were positive real numbers. Therefore, the 


matrix represented a non-oscillating series. 


0.4 
OFS 
Figure 5-8. Recurrence 
probabilities of lithotypes 
o> Tl and T3 from the type 
od ote section at the 2 metre 
is sample interval for the 
= complete Blairmore Group. 
QO o1 Wires CUCU) 
0: 
ha 
fa (74,71) 
0.0 seca ere nce SO a 


1 2 3 4 5 6 Z 8 ) 10 


Power of matrix 


The transition probabilities of the 2 metre sample interval 
approached the constant values by exponential curves as the matrix 
Stabilized at the 10th power (Figure 5-9). A complex number with a 
modulus of 0.1030 was contained in the eigenvalues and small fluctuations 
were noted in two of the lithotypes. Lithotype S3 (silty claystone) 


decreased from 0.2550 to 0.1084 at the 8th power and then increased to 
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0.1085. Lithotype S6 (claystone) decreased from 0.2381 to 0.1480 at the 
4th power and increased to 0.1483 at the 18th power. The oscillatory 
behavior of these lithotypes was extremely damped with no period of 


recurrence and the matrix proved to be non-oscillatory. 


).3 Results for the Beaver Mines Formation 

The Beaver Mines Formation was separated from the rest of the 
Blairmore Group for the Markov and geological cyclicity analyses because 
it forms the bulk of the group, was present in all of the sections, and 
was the best exposed of the three formations. Again only the embedded 
Markov model was used to test for Markovian dependency since the 
thicknesses of the lithologic units, especially the coarser grained 
units, have non-geometric distributions. See Figures 5-10, 5-11, and 
5-12. The regular chain structure was used to test for geological 


eyclicity. 


Grain size lithologies 

Using grain size to define lithologic units, the observed chi- 
square value for the Beaver Mines Formation in the type section was 
98.550, in the Sheep River section 96.935, and in the Burnt Timber 
Creek section 124.497. When compared to the calculated hs value 
of 31.3 (11 degrees of freedom), it can be seen that the null hypothesis 
was rejected at a 99.9% level of confidence in all instances. 

The transition probability and difference matrices for the 
Beaver Mines Formation in the type section (Table 5-5), the Sheep River 
section (Table 5-6), and the Burnt Timber Creek section (Table 5-7) 


produced the transition patterns found in Figure 5-13. 
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Figure 5-10. 
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Beaver Mines Em. 


Frequency distributions of the lithologic unit 
thicknesses of the Beaver Mines Formation in the type 


section. The vertical axes are in terms of the number of 


lithologic units. 
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Figure 5-11. Frequency distributuions of lithologic unit thicknesses 
of the Beaver Mines Formation in the Sheep River 
section. The vertical axes are in terms of the number 
o£ units. 


% 
} i 
Ke a 
\ 
’ 
wont 5 ‘ 
:] rr 
‘ 
/ a 
5 
+ 
¥, 
t / 
wy) 
va 
ni 
r i 
: { J 
¢ 
, i 
ig? 
; 
a i * 
i t viet 
Mp laa 
-_ — 
} 
y | 
prt tes 
i C4 
' 
ve r 
i iss 7 ; oe a : pp. is a) of sl Se hl te 
HeanAecbarieh thc —2 peiberign’, ici Gretel 
, ia 7 ‘ \ 


+ ips ee My ae ANTS yee = " a | 
TeyiN qeeds sit Gh. webtawro® wan be ae 
q rf c i - q 


| actin AND. to past wk ots eeksyleb ir ye 


1 
j 


. £ ; si 
at) 
i ; 7 4 
| i] 
' 


20 


15+, Claystone 


20 


157] Siltstone 


92 


10 10 
54 {11 5 
deoeriaiens ebb Mk 
5 10m 5 10m 
20 20 
15 Very Fine 15 Fine’ 
S S 
40 Sandstone 40 ooo 
5 5 
—— oo T Thaalewals ct ae) =~ | cana ] 
S 10m 5 10m 
ZU? 
15 Medium & Coarser 
40 Sandstone Burnt Timber 
Creek Section 
5 
| Beaver Mines Fm. 
Ser Lyre Aree arth 
5 9 317 20 m 


Figure 5-12. . Frequency distributions of lithologic unit thicknesses 


of the Beaver Mines Formation in the Burnt Timber 
Creek section. Vertical axes are in terms of the 
number of units. 
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Type section - Beaver Mines Formation - Grain size lithologies 


Transition probability matrix: 


clay 
silt 
ied 
fine 


med+ 


clay 
0.00 
0.48 
0.50 
0.28 
0.38 


silt Visits fine med+ 
6.52 0.16 0.23 0.09 
0.00 Q.38 0.07 0 
0.2 0.00 0:22 0) 
0.00 0.29 0.00 0.18 
0.00 0.51. 0,3 0 


Difference matrix: 


clay 

clay 0.00 
silt 0.08 
wot. ©. .240 
fine 6.24 
med+ O7O8 

2 

observed 

2 

C001, Lt 
Table 5-5. 


silt Mice fine med+ 
0.18 ~@.45 ©. @2 =0.06 
0.00 ©:..07 -0.13 =-0.02 
oad © PES 0.00 -0.07 -0.01 
=0.27 0.06 0.00 0.06 
=-0.26 0.09 0.14 0.00 


= 93.55 


= 31.3 
) (claculated) 


Transition probability and difference matrices for the 
grain size lithologies of the Beaver Mines Formation in 


the type section. 
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Sheep River section - Beaver Mines Formation - Grain size lithologies 


Transition probability matrix: 


clay silt Vin fine med+ 
clay 0.00 Oe OL Cae Ons 0.07 
Silt Veo 0.00 0.16 0.05 0.03 
eee 6 0.48 Ow3e 0.00 C205 0.10 
fine 0.45 0.18 Asad Re: 0.00 Oere 
med+ OAS, 0.43 0.00 G29 0.00 
Datterence matrix: 

clay silt Vat fine med+ 
clay 0.00 0.04 OTOL OPLORE -0.04 


silt On 22 0.00 =). 09 =O 07 -©'. 0G 
Reo « 0.03 O02 0.00 =Us0G 0.02 
fine 0.05 ORY 0.00 0.00 Sede 
med+ AGTEK) O- 10 =O. 15 ORE 0.00 


NO 


= 96.935 
observed 


2 


Ut 
Ww 
ta 
wW 


€.001, 11) (eabculated) 


Table 5~6. Transition probability and difference matrices for the 
grain size lithologies of the Beaver Mines Formation in 


the Sheep River section. 
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Burnt Timber Creek section - Beaver Mines Formation - 


Grain size lithologies 


Transition probability matrix: 
clay Silt Vile fine med+ 
clay 0.00 0.38 O86 024.3 Obs 
silt 0.69 0.00 Ong 0.08 0.03 
eek. 0.336 0 
fine 0,13 6.20 0227 0.00 0.40 
0 


eek Os 33 0250 0.00 


- 46 0.00 0.00 0.18 
med+ 0.06 


Detterence matrix: 

clay silt Wieden fine med+ 
clay 0.00 0.04 G205 =0..04 -0.04 
Silt 0.32 0.00 -0.19 =O). Oc =0.13 
mts 0.00 0.14 0.00 -0.17 O70u 
fine =0.19 -0.07 0.01 0.00 O325 
med+ =O: 26 -0.17 0.07 0236 0.00 


2 
= 124.497 
observed 
2 
Ssh 3 
C2001, 213.) 


Table 5-7. Transition probability and difference matrices for the 
grain size lithologies of the Beaver Mines Formation in 


the Burnt Timber Creek section. 
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Figure 5-13. Transition pattern of the grain size lithologies of 
the Beaver Mines Formation in the (A) type section, 
(B) the Sheep River section, and (C) the Burnt 
Timber Creek section. 
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The transition probabilities of the Beaver Mines in the type 
section at the 1 metre interval followed exponential curves while 
approaching the stable value at the 3lst power. The eigenvalues were 
Both positive real and complex numbers with a modulus of 0.3704. 
Transition probabilities of the fine canes sandstones deviated from 
its exponential curve by decreasing from 0.4167 to 0.1322 at the 7th 
power and increasing to 0.1337 at the 18th power. This matrix is non- 
oscillating even considering the strongly damped oscillations of the fine 
grained sandstones which had no period of recurrence. 

The 2 metre sample interval matrix stabilized at the 22nd power 
with the lithologies of claystone and very fine grained sandstcne 
describing oscillating curves and the rest exponential curves (Figure 
5-14). The eigenvalues contained one negative real number while the 
remainder were positive real numbers. The recurrence probabilities of 
the oscillating lithologies were calculated and plotted (Figure 5-15). 
A period of recurrence of 4 metres was found corertte very fine grained 
sandstones and no period of recurrence was found for the claystones. 
Therefore, the very fine grained sandstones are oscillatory with a 
recurrence of 4 metres, the oscillations of the claystones are strongly 
damped, and the rest of the Beaver Mines Formation in the type section 
is non-oscillatory. 

In the Sheep River section, the 1 metre interval matrix of the 
Beaver Mines Formation stabilized at the 27th power. All of the 
transition probabilities described exponential curves upon powering 
(Figure 5-16) and all of the eigenvalues were positive real numbers. 


The matrix is non-oscillatory. 
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Figure 5-15. Recurrence 

SS probabilities of claystone 
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a of the type section, Beaver 
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Power of matrix 


At the 2 metre interval, the plot of the transition probabilities 
showed all of the probabilities following exponential curves as the 
matrix approached its stable value at the 40th power. The eigenvalues 
contained positive real numbers as well as complex numbers with a 
modulus of 0.7003. Upon close examination, it was clear that two 
lithologies deviated slightly from the exponential curves. The siltstone 
probabilities decreased from 0.2609 to 0.2236 at the 6th power and 
increased to 0.2249 by the 14th power. The probabilities of fine 
grained sandstone decreased from 0.4444 to 0.0716 at the llth power and 
had increased to 0.0718 by the 16th power. The oscillations were strongly 
damped and had no period of recurrence and therefore, the matrix was 
non-oscillatory. 

The Beaver Mines Formation in the Burnt Timber Creek section 
was sampled at 1 metre intervals and was found to be non-oscillatory. 

The matrix reached stability at the 30th power; all of the transition 
probabilities decreased exponentially (Figure 5-17) and all of the 


eigenvalues were positive real numbers. 
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At 2 metre intervals, the matrix reached its stable value at 
the 45th power. The graph of the transition probabilities (Figure 5-17) 
showed the lithology of siltstone followed an oscillating path whereas 
the other probabilities Aa See exponentially. The eigenvalues were 
both positive and negative real numbers ae well as complex numbers; 
the modulus of the complex number was 0.4472. The recurrence probabili- 
ties of the siltstone lithology were plotted (Figure 5-18) showing a 
period of recurrence of 4 metres. The lithologies of very fine grained 
sandstone and fine sandstone exhibited small deviations from their 
exponential curves. The probabilities of the very fine grained sandstones 
decreased from 0.3750 to 0.2202 by the 6th power and then increased to 
0.2214 at the 10th power. The fine grained sandstone probabilities 
decreased from 0.5000 to 0.1833 at the 5th power and then increased to 
0.1913 at the 13th power. Therefore, in the Burnt Timber Creek section 


at the 2 metre sample interval the Beaver Mines Formation lithologies 
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er 0.2 Figure 5-18. Recurrence 
ne probabilities of siltstone 
e of the Burnt Timber Creek 
ss section Beaver Mines Formation 
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of claystone and medium to coarser grained sandstone are non-oscillatory, 
the fine and very fine grained sandstones had strongly damped oscillations 
with no period of recurrence, and the siltstones were oscillatory with 


a period of recurrence of 4 metres. 


Lithotypes 


The lithotypes described in Chapter 4 for the Beaver Mines 
Formation samples were used to code that formation in each of the 
measured sections. The same analyses as previously discussed were 
conducted on the formation using piece lithotypes. 

In the type section, the observed test statistic for the Beaver 
Mines Formation, 89.761, justified the rejection of the null hypothesis 
at a 99.9% level of confidence when compared to the x “ value of 43.8 
(19 degrees of freedom). 

The difference matrix (Table 5-8) produced the transition 
pattern of Figure 5-19 for the Beaver Mines lithotypes of the type 
section. Again, the pattern is presented with both the lithotype names 
and descriptive terms. This is done for the remaining patterns also. 

The 1 metre interval matrix of the Nace Mines Formation in 
the type section, upon powering, all decreased exponentially (Figure 5-20). 
The eigenvalues contained complex numbers with a modulus of 0.3314. No 
deviations from the exponential curves were noted in any of the 
probabilities and therefore, the matrix is non~oscillatory. 

At the 2 metre interval, the matrix reached its stable condition 
at the 15th power. Lithotype TBM2 followed an oscillatory path whereas 
the rest of the lithotype probabilities traced exponential curves 


(Figure 5-20). The eigenvalues were positive real and negative real 
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Type section - Beaver Mines Formation - Lithotypes 


Transition probability matrix: 


TBM1L TBM2 TBM3 TBM4 TBM5 TBM6 
TBML 0.00 0,32 ORT 0.14 0.14 0.29 
TBM2 0.13 0.00 0.25 0.08 0.29 0.25 
TBM3 0.00 0.29 0.00 0.29 0.07 0.36 
TBM4 0.19 G81 Ox3 0.00 0.06 On31 
TBM5 0.36 Opa 0.29 0.07 0.00 0.07 
TBMG 0.55 0.17 yea: 0.14 OOO tm) 0.00 
Difference matrix: 

TBML TBM2 TBM3 TBM4 TBM5 TBM6 


TBM1 0.00 .05 ere m0 L O..02 0.04 


0 
TBM2 -0.14 0.00 0.06 = OniOr/ 0.16 = Ou 
TBM3 =O 29. 0-05 0.00 OLS =O. O00 Deal 
TBM4 -0.06 0.07 -0.04 0.00 ZO 0.08 
TBMS Sige =) OSs O Sie =Ox07 0.00 =e kG 


TBM6 0228 =O 09 =i OF OH =-OnLS 0.00 


2 
= 89.761 


observed 


2 
= 43.8 


ae 19) (calculated) 


Table 5-8. Transition probability and difference matrices for the 
lithotypes of the Beaver Mines Formation in the type 


section. 
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Significance of lines 


Line form Difference probability 
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Figure 5-19. Transition pattern for the lithotypes of the 
Beaver Mines Formation of the type section. 
The lower pattern is the same as the upper one 
except with descriptive terms substituted for 


the lithotype names. 
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numbers. The matrix is non-oscillatory except for lithotype TBM2 (very 
fine grained sandstone) which had a period of recurrence of 4 metres 


(Figure 5-21). 


0.4 


0.3 


Figure 5-21. Recurrence 


> probabilities of lithotype 

iad 0.2 TBM2 of the type section 

ia Beaver Mines Formation at the 
oa 2 metre sample interval. 

Ey Oa 
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2 
oO 
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Power of matrix | 


The null hypothesis of a random process was rejected for the 
Beaver Mines Formation in the Sheep River section at a 99.9% level of 
confidence as can be seen by comparing the observed test statistic of 
94.914 with the hg value of 58.3 with 29 degrees of freedom. 

The difference matrix for the Beaver Mines in the Sheep River 
section (Table 5-9) produced the transition pattern of Figure 5-22. 

At the 1 metre sample interval, the matrix of transition 
probabilities stabilized to the fourth decimal place at the 38th power. 
The probabilities decreased exponentially (Figure 5-23) and the eigen- 
values contained complex numbers with the modulus of 0.3523. No 
deviations from the exponential curves were observable but after the 


Matrix had been raised to the 50th power it had not stabilized at the 


fifth decimal place and fluctuations at this level may have accounted 


Wy oy 
i ae . ‘any 
; ron a a oF et, § 7 


CO NA OMT etre #71 ses Sea OTe eed HE TPT & 
AN at eb m } t, es f : 
ee es Aa eee en wt 


dine 20 odiesujbey FO Belay ‘Bey aaa, telson 


> f 
Sr x a) : Ot pe Fe ok i 
i ¢ ; 
} x i y 
». ; \ 
ee ee 7h 
i 7 fey + ed ; ie 
to] 2) j J sit Lad) Be 
vee * a) ay , eat | : mn, ie 


to abgaestacve teow bevie ste vada portrAAQn Vet ues 


? Sa 
22 7 | 
7 > - . , ot Pt +g i SPIER > . Tir! hon (y . 
ali pf 7 oe i k& } 1a a ipuewe) BA» ; Y oe a em nl af Pais 


PONT Gees wh tu. conte gma, oad “yak air2ee vena 22 


ie bdahea to: Areihen Rea ews ne entt ‘Se ire Pa pe 
et cs a a ; ~ 


;. f git ’ lant wa a 
(Heit barnes to areskh, Quiet .tevaooyed Renee i 


‘nae BE aaa ws : aa } Lameee i (wes otis 


; y 


- ros 7 hi » 
ena ro (es sa SMP glint Prerstyies fe 
| Ar) at #82. RS Dotson: mata title: en cea 


7 is aes i 5 ¥ 
ar, oui wld oan dint: alde wyeedo = eavaus tints ie 
. 


: > J 7 
teats” son Bad ad a . 
a) ro te 
: at: Saves aaily sit 


; : [' a ee 


Sheep River section - Beaver Mines Formation - Lithotypes 


Transition probability matrix: 


SBM1 SBM2 SBM3 SBM4 SBM5 SBM6 SBM7 
SBM1 0.00 0.00 O305 ONES On oy Ont ORS! 
SBM2 0.00 0.00 Obs is O.a3 O.22 Oeil O22 
SBM3 0.00 0.00 Ora O33 On22 0.11 O22 
SBM4 0720 0.00 207 0.00 On On13 0.47 
SBM5 0.14 Ove 0.04 Ont 0.00 O729 O..82 
SBM6 O32 0205 SRO) 0.05 0.47 0.00 0.05 
SBM7 Laas 0.20 0.00 0.28 0.32 0.08 0.00 
Difference matrix: 

SBM1 SBM2 SBM3 SBM4 SBM5 SBM6 SBM7 


SBM] 0.00 al OES, 0.01 oO AOU OR: =O..00 O2E3 
SBM2 =-0.14 0.00 OS07e = Os tg =O03 S0)4 OS) =0 08 
SBM3 =0).3 QO. 32 0.00 -0.14 Osa ~0.14 ios 
SBM4 0.06 —ORuno 0308 0.00 On LZ =e @) 
SBM5 -0.04 =FoLe =O.02 0206 0.00 Q..10 0 
SBM6 On22 =0.14 O01 wel Oy OR23 0.00 OSES 
SBM7 0.03 O20) -0.04 6 eget ih -0.04 ma 65) 0 


= 94,914 
observed 


2 


H] 


5813 
(.001, 29) ( calculated) 
Table 5-9. Transition probability and difference matrices for the 
lithotypes of the Beaver Mines Formation of the Sheep 


River section. 
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5-22. 


Transition pattern for the lithotypes Of the 
Beaver Mines Formation in the Sheep River 
section. The lower pattern is the same as the 
upper one except descriptive terms have been 
substituted for the lithotype names. 
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for the damped oscillations suggested by the eigenvalues. Overall, the 
matrix is non-oscillatory. 

At the 2 metre interval, the transition probabilities appear to 
have decreased exponentially, except for SBMl and SBM2, toward stability 
at the 38th power. The two exceptions followed nearly horizontal lines. 
Since a horizontal line would represent a random process and SBMI1 and 
SBM2 nearly follow that type of path they are obviously non-oscillatory. 
The eigenvalues contained negative real and complex numbers, both 
suggesting oscillating behavior. A modulus of 0.2915 suggested any 
Pee ilation® were strongly damped and the lithotypes SBM4 and SBM5 
(both clayey sandstone) were found to have slight fluctuations from 
exponential curves. The transition probabilities of SBM4 decreased 
from 0.3636 to 0.1242 at the 8th power and then increased to 0.1247 at 
the 17th power. The probabilities of SBM5 decreased from 0.1579 to 
0.1469 at the 6th power, increased to 0.1470 by the 10th power, and 
then decreased to 0.1468 at the 15th power. The matrix is non- 
Oscillatory including the lithotypes SBM4 and SBM5, the oscillations 
of which were strongly damped and had no period of recurrence. 

For the Beaver Mines Formation in the Burnt Timber Creek 
section, comparison of the observed test statistic value of 87.257 with 
the 3@ ef value of 31.3 (99.9% level of conficence, 11 degrees of 
freedom) caused the rejection of the null hypothesis of a random process. 

The difference matrix for the Beaver Mines Formation in the 
Burnt Timber Creek section (Table 5-10) revealed the transition pattern 
of Figure 5-24. 

Structured at the 1 metre sample interval, the probabilities of 


the lithotypes of the Beaver Mines all decreased exponentially as the 
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Burnt Timber Creek section - Beaver Mines Formation - Lithotypes 


Transition probability matrix: 


Bl B2 B3 B4 B5 

Bl 0.00 0.33 0.44 Orit ean 
B2 0.20 0.00 0.40 O12 0.27 
B3 0..09° | (0.106 0.00 0.50 0.35 
B4 0.00 Ont 0.32 0.00 0.57 
BS 0.13 0.16 0.41 0.31 0.00 


Difference matrix: 


Bl B2 B3 BA BS 

Bl 0.00 Gea OF Le -0O.17 -0.19 
B2 Oe 10 0.00 0.10 -0.16 -0.04 
B3 ~0.02 -0.09 0.00 Ove -0.03 
B4 -O.11 -0.03 -0.05 0.00 OPO 
B5 OZ0L 0.00 0.04 -0.04 0.00 

2 

= O72 L 
observed 
2 
Ses Ley 


(.001,11) (calculated) 


Table 5-10. Transition probability and difference matrices of the 


lithotypes of the Beaver Mines Formation in the Burnt 


Timber Creek section. 
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Significance of lines 
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Figure 5-24. Transition pattern for the lithotypes of the 


Beaver Mines Formation in the Burnt Timber Creek 
section. The lower pattern is the same as the 
upper one except with descriptive terms 
substituted for the lithotype names. 
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matrix approached its stable value to the fourth decimal place at the 
45th powex (Figure 5-25). After the 50th power stability had not been 
achieved at the fifth decimal place which explains the occurrence of 
complex numbers in the eigenvalues. The modulus of 0.4428 indicates 
strong damping of any oscillations and the matrix is non-oscillatory. 

At the 2 metre sample interval, lithotype B4 (siltstone) traced 
an oscillatory path, whereas the other lithotypes decreased exponentially 
as the matrix approached its stable value at the 35th power (Figure 5-25). 
The eigenvalues contained both positive and negative real numbers. The 
lithotype B4 was found to be oscillatory with a period of recurrence 
of 4 metres (Figure 5-26) and the rest of the lithotypes were non- 


Oscillatory. 


5.4 Summary 

The results of the Markov analyses of the Blairmore Group are 
summarized in Table 5-11. For the Beaver Mines Formation the summarized 
results are in Table 5-12. 

In all instances examined, the complete Blairmore Group and the 
Beaver Mines Formation proved to have been controlled by a first-order 
Markov process or, in other words, to have Markovian memory extending 
back one event. The null hypothesis of a random process having been 
responsible for the vertical arrangement of the measured sections was 
strongly rejected in all cases. 

All of the transition patterns exhibited some variation of a 
fining-upward sequence of lithologies. Many of the examples did not 
contain a prominent transition back to the coarser grained units at the 


completion of the fining-~upward pattern. Notably, a number of these 
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Markov Oscillating Power of Eigenvalues* | Type of series 

chain lithology or] recurrence 

property] lithotype probability 

maxima 

TYPE SECTION 
Grain size Yes 
Im interval None -- PEG Non-oscillating 
2m interval v.f. sst. ub P,N NON-oscillating 
Lithotypes Yes 
lm interval None -- P,c Non-oscillating 
2m interval Bite} al P,N Non-oscillating 


SHEEP RIVER SECTION 


Grain size Yes 
Im interval None -- P Non-oscillating 


2m interval None -- Pp Non-oscillating 


Lithotypes. Yes 


Im interval None i as 


3 


Non-oscillating 


2m interval None ==- P Non-oscillating 


* Pp = positive real numbers 
N = negative real numbers 


C = complex numbers 


AE SE SN RE 


Table 5-11. Summary of the results of the Markov analyses of the 


Blairmore Group. 
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Table 51.2. 


TYPE SECTION 


Grain size 
lm interval 


2m interval 


Lithotypes 


lm interval 


2m interval 


SHEEP RIVER SECTION 


Grain size 
Im interval 


2m interval 


Lithotypes 


Im interval 


2m interval 


Markov 


chain 


Oscillating 


lithology or 


property| lithotype 


Yes 


Yes 


Yes 


Yes 


BURNT TIMBER CREEK 


Grain size 
lm interval 


2m interval 


Lithotypes 
lm interval 


2m interval 


wes 


SECTION 


fine sst. 
fine sst. 
claystone 
Wise SSti. 
None 
TBM2 
None 
siltstone 
fine sst. 
per 
SBM4 
€BMS 
None 
siltstone 
Viet sSte 
fine sst. 
pee 
B4 


* P = positive real numbers 


N = negative real numbers 


C = complex numbers 


Power of 


recurrence 
probability 


maxima 


Nu KY KY KB 


** Fluctuations in the 5th decimal place 


Beaver Mines Formation. 


Eigenvalues*® 


BAS 
P,Cc 
P,N 


P,C 
P,N 


P,C 
BAC 


Pac 
P,¢ 


P,N,C 


jh Ge 
P,N 


Type of series 


Non-oscillating 
Non-oscillating 
1 oscillating 


lithology 


Non-oscillating 
1 oscillating 
lithology 


Non-oscillating 


Non-oscillating 


Non-oscillating 


Non-oscillating 


Non-oscillating 
1 oscillating 


lithology 


Non-oscillating 


Non-oscillating 


Summary of the results of the Markov chain analyses of 
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a4 
0.3 , 
Figure 5-26.. Recurrence 
probabilities of lithotype 
B4 of the Burnt Timber Creek 
alow section Beaver Mines Formation 
> at the 2 metre sample interval. 
ref 
3 
OQ 914 
n 
Da (84,84) 
00+ at 
1 2 3 4 =) 6 7 8 9 10 


Power of matrix 


patterns showed two almost independent patterns: a medium grained 
sandstone-fine grained sandstone alteration and a closed set of siltstone, 
claystone, and very fine grained sandstone. 

The oscillating or cyclic nature of a lithology or lithotype 
was recognized by higher transition probabilities tracing oscillating 
paths toward equilibrium and eigenvalues which were negative real and/or 
complex numbers. However, to fit fully the definition of an oscillating 
series and therefore have geological cyclicity, the recurrence probability 
Maxima of a lithology or lithotype must be ae a power of the matrix 
other than one. Therefore, though a number of matrices had complex 
eigenvalues, they were defined to be non-oscillatory because the 
recurrence probability maxima were at the first power of the matrix. 

The Blairmore Group, when analyzed as a complete entity in the 


type section and the Sheep River section, proved to be non-oscillatory. 
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This was true when the sections were coded according to lithology 
(grain size) or as lithotypes. 

The Beaver Mines Formation, when considered Be i eeates showed 
much more oscillatory behavior. All of the sections contained some 
oscillating lithology or lithotype which was so strongly damped as to 
be regarded as non-oscillatory. The type section is non-oscillatory 
except for the very fine grained sandstones which showed a period of 
recurrence of 4 metres both as a lithology and as lithotype TBM2. The 
Sheep River section is completely non-oscillatory. The Burnt Timber 
Creek section is non-oscillatory except for the siltstones which showed 
a period of recurrence of 4 metres both when coded as a lithology or as 
lithotype B4. 

Schwarzacher (1975, p. 259) suggested that the existence of a 
negative eigenvalue in a transition matrix will produce an oscillation 
period of two units. He also suggested that this may be a function of 
the manner in which the sections were sampled for the transition matrices. 
In this chapter, recurrence maxima were found at the 2 metre sample 
interval yet no oscillations were present at the 1 metre sample interval. 
This could possibly be explained as being a result of the method of 


structuring the transition matrices and not a true period of recurrence. 


ei ey oR & ne © is i ¥, wi 5 ee eh 
: p hi F 5 
} me | ire : : 7) aan 
it i | i + y uf \ { y } a i 
4 j 
7 1 ee 


elise eae Pr hive ee) biabon ater enioiioes i ite of 


| -necsetgi arte ( 
Bis N\pgivebele: f Eg ainaingine hawohlanon Aart OES euro soci at ¢ 


Co) ey Gece yloieete oo 2eW Acti actly pone oO > yeotodaa 
\ ; ih ‘ ' 

WIweliisho-hnl sf abisose eayd ott uveoeed be eps a 
746 Holsad.s ihayose’ rosky vodoseiosh ‘honhexs ety bt senate oy, , 
Chl... saa Day lOUT LT wan 6, WOOLOta? ane eee wee htat FY wee 

i . re > } 

sanmiy ered at -yiotelibforurdan vista ena . ‘ adie 
peoviin Holme seiosealte eid) we Soa \cotd SGe et a T 


BB SO VPRO § ee Beboo wore Veal moe idm, > he Aone tase a 


we 3e 98 aptadxo ant ted PRIPOVBUR Las 1 e ape ‘nortan 


aula Somborne.) Bie 0% a Mislead roadie? a se 2 uit cia 


; Ney Kick eet Bd Amal. ALAM chi a tisk ve det a hid aie 


eatin coltteswss sie she eth bes é aetydied ‘phi tid 


(eine otra, f eit in, bahom aay seen | 
a Ae ihre whe ; fey 3, F . ri , £ ' A 
hese saws iain tects, Area, Ze "vor ethnea' 


pe aon Gu to 3 Lyes4, & piesa a8 init ae aa 


x 


“emia 16 Be bee Soi F6R Bae nentxenm ats eenan | 


jeg 
¢ Pe at 7 eh iad 
6 ss ie be 
i + : 


CHAPTER 6 
DEPOSITIONAL ENVIRONMENTS OF THE BLAIRMORE GROUP 


Gl Introduction 

The Blairmore .Group has been described as an alluvial plain 
succession in a number of previous papers (Norris, 1964; Glaister, 1959; 
Rapson, 1964; Mellon, 1967). This chapter represents an attempt to be 
more specific about the depositional environment of the group and to 
explain the successions and the sedimentary structures found in the 
sections measured. 

In order to do this, models of fluvial processes will be examined 
briefly and a summary of the features of the Blairmore Group will be 


presented, followed by an interpretation of the measured sections. 


6.2 Discussion on fluvial sedimentology 
The ultimate distribution, character, and accumulation of fluvial 
sediments have numerous controls. It is necessary to consider a number 


of these before models can be constructed for comparative purposes. 


Stream types 


The shape of a stream channel is the result of the interaction 
of fluid discharge (amount and variability), sediment load (amount and 
calibre), channel width and depth, flow velocity, slope, and bed 
roughness (Leopold and Wolman, 1957). Schumm (1968) added the amount of 
vegetation in the source areas and the floodplains as a control and 


Allen (1965) suggested that the elements which influence these factors 
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are climate, geology, and relief of the enclosing basin. 

The most common plan view stream patterns (Figure 6-1) are 
braided, meandering, straight, and anastomosing (Miall, in press) with a 
continuous spectrum between these types. Table 6-1 summarizes the 
features of the four stream patterns. 

Schumm (1968) classified rivers according to the type of sediment 
load carried. His haat are suspension-load, bed-load, Ae mixed-load 
streams. 

Braided streams are made up of two or more channels which flow 
around and over numerous alluvial islands and bars. They are best 
developed in alluvial fans and glacial outwash plains. High width/depth 
ratios, abundant sediment, high regional slopes, generally low sinuosities, 
highly variable discharge, and easily eroded banks typify a braided 
stream (Smith, 1970; Miall, in press). 

Meandering channels are sinuous ina plan view. Discharge 
variability and channel slope is lower and the sediment calibre 
commonly is smaller than in a braided stream. Erosion is concentrated 
on the outer bank of the meanders which generally consist of cohesive 
floodplain deposits or, less commonly, earlier channel or point bar 
deposits. Deposition occurs mainly in the form of point bars which 
accrete laterally on the convex bank of a meander (Allen, 1965). 

Straight channels have negligible sinuosity at bankful discharge 
(Allen, 1965), are not common naturally, and occur mainly on relatively 
gentle slopes (Miall, in press). Flume studies (Simons etuale, 1965) 
and observations of natural streams (Harms and Fahnestock, 1965) have 
shown thatat low flow stages the thalweg of a straight channel does 


trace a sinuous course between its banks. Sediment bars form on 
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Figure 6~1l. 


~ aNastomosing 


bar surfaces covered 
during flood stages 


Plan views of principal stream types (from, Miall, 
in press). 
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alternating sides of the channel and are the sites of deposition of 
sediment (Allen, 1965). 

Anastomosing is a term which is becoming restricted to streams 
which have two or more, highly sinuous, stable channels with cohesive 
banks. The channels are separated by large, stable, vegetation covered 
islands (Miall, in press). 

Moody~Stuart (1966) used the terms high- and low-sinuosity to 
differentiate between types of fluvial deposits. His high-sinuosity 
stream is equivalent to a meandering stream. Streams with straight 
patterns but few alluvial bars or islands were termed low-sinuosity and 


were considered to be intermediate between braided and meandering. 


Hydrodynamic controls on sedimentation 

Before models of fluvial facies can be built, the effect of flow 
upon various types of sediments and the resultant sedimentary structures 
must be investigated. 

The velocity of a flow within a channel is subject to a number 
of controls (channel slope, water temperature, depth, and resistance to 
flow) and may be divided into lower and upper flow regimes with an 
intermediate transition zone (Simons, et al., 1965). The bedforms 
produced vary with flow velocity, flow depth, and sediment size. 

Most of the studies of pen ome produced under varying flow 
conditions have been conducted using flumes. This has produced repeatible 
results over only a small range of flows and sediment sizes. The most 
recent graphic summary of such studies is by Harms et al. (1975) (see 
Figure 6-2). Ripples (small-scale structures) and dunes (large-scale 


structures) were long recognized in flume studies (Simons, et al., 1965). 


i et uy rs, ies yS 
4 a 7" ‘ : Lay me ' hea a 
w iy ay J U J 
Ly Sac a , 
; ras 4 ’ ' r 
ie ' ik iin 
- a y be Ba 7 Hi. 


‘ ou he : a galt 4 Fey i ‘ { % : \ ea, , : ” ey yt } ent it * fa ia a a , 


a a HA ht RPL. 
A ca hg Pay 


|) eitiearate 4d hoedtos Yd re THN AES Be Be ‘paLetun 


a Sa. ae he arora iss WBE ene ys 


| ahh \ Th , ; iM A mn fied 4, 
barevon molsnsepe | yi Pent: Ae ees ea ery ‘Sherine uo 


~ , on 
ey cane " ; 
~ 
‘ 
wy ry T's if 
ae j j ) 
a Wnt 
fh ea Ba ob i , 
i 

} , , oy. ’ f 

* ~e 4 + on cues , R { ; . “» j fie pages £ - 

" eee oe ‘et Le ela ‘ + 4 . ’ , my 7 me fd me 

: i) Fn, 
1 e « re 3 - tb, 

; ri ' 

v ~ 

“ F 
sae lero re eet 
: Lie =f Ae i ea LO sais ar) 
fa Cita Rae, By n nu 
ean pate ee VE ail salad BS obi A Ey 2 pare mt 
- ri fy: >. a 4 4 i ri ay 


i ; ea if 


( " ri * ¢ > ¥ vf Mf y ee Tf Sedat ayry tf } { 1 3H eh HE 
a { 
yA 
e i] a wih : 
| “ooking G 2 bie eh Limam Skates 
5 ». ; A 
i 7 } r i.e p pu: i 
ve: ie ieee OLS) 6 oe cers ae inate Micwr ois ie ia viet gee 
Fe eo TH oh. Wh : a. al den) § muis Pre Om 3 vis sae Ae he ie Ny & cree! “ ) aie iy 


sian 0 SOMEbeEt wold eu bne gawol oF ; be beh 


t 


pmsabo KA it. KORE L yg Lie ey serre 1S) 7 okt 


‘ot us} 


7 AG 7 ial * omits s- = fonts ‘thtaah wea! 7 a eRe ude al won ste 


ji Te, a ig : 
von 2g attreo? Font EY mosh 


ny ores & ” ase eat wrt piten Badawbeap ’ 
\ ae ay ee 


o NaF ven) obs des Ruiroh Yd at aeibuita doa Bo 9 
~ 2 1 
at) eae ho feo vad rate NG ae ¥ 


aa eae) aciboss adit bee 


oie J Pt 


“oO 100 | 
80 | 


6oF 
SAND WAVES 
~~~ TOWER 


F Sac. FLAT BED 


40 } 


RIPPLES (NO MOVEMENT ON FLAT BED) at wees 


PP a PST IE 


Os qaaaa 


MEAN FLOW VELOCITY (cm/se 


NO MOVEMENT ON FLAT BED 


0.04 0.05 0,08 0) 0.2 O04 06 O08 - 10 


MEAN SEDIMENT SIZE (mm) 


Figure 6-2. Schematic size-velocity diagram for a flow depth of 20 cm. 


Asterisk marks the field in which there is flat hed 
transport on an undisturbed bed but where ripples 
develop once the bed is disturbed ( from Harms et al., 
1975)". 
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Harms, et al. (1975) recognized another large-scale bedform and used 
the term sand wave. The same authors noted that flat or plane bed 
transport and deposition is stable at two different ranges of flow 
velocity and sediment size: a lower plane bed and an upper plane bed. 

Under the same set of increasing flow conditions, the sequence 
of bedforms which may be expected changes with the sediment size 
available. As can be seen in Figure 6-2, the sequence of bedforms 
produced under increasing flow velocities for silts and very fine sands 
(0.03 to 0.1 mm.) are no movement of sediment, then ripples, and finally 
the upper flat bed. For fine and medium sands (0.1 to 0.6 mm.) the 
sequence produced is from no movement to ripples to sand waves to dunes 
and finally to the upper flat bed. In sediment of coarse and very coarse 
sand ( > 0.6 mm.), ripples are not stable at any flow velocity and the 
sequence of bedforms observed under increasing flow are no movement to 
lower flat bed to sand waves to dunes to upper flat bed. The boundary 
between dunes and upper flat beds at this size range is at velocities 
and depths not attainable in flumes and is not included in Figure 6-2 
(Harms, lye oF 9). 

The stability of the various bedforms in relation to differing 
sediment sizes must be determined in order to interpret the flow 
conditions from the sedimentary structures. The change from lower to 
upper flow regimes was always taken at the boundary between dunes and 
upper flat beds (Simons, et al., 1965). The portion of Figure 672 
designated as "in phase waves" is the range where antidunes are formed, 
and since antidunes are rarely recognized as preserved structures they 


are not discussed. 
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Common types of stratification 


Small-scale trough cross-stratification is produced by migrating 
linguoid ripples as a result of in-filling of scours in the lee of the 
ripple (Harms and Fahnestock, 1965). Ripples of other configurations 
may produce other small scale sedimentary structures of various forms 
tierns;, @t al., 1975). 

Large-scale trough cross~stratification is a product of migrating 
dunes (Harms and Fahnestock, 1965; Visher, 1972). Dunes are the most 
common bedform in sunuous or meandering rivers and are formed in sediment 
ranging in size from fine sand to gravel (Harms, Steals, Lovo )t. 

Large-scale tabular cross-stratification is produced by the 
avalanching of sediment down the lee slope of sand waves (Harms, et al., 
1975) and these bedforms are common in most rivers. Miall (in press) 
has divided braid bars (types of sand waves) into three main types: 

(1) longitudinal, (2) linguoid and transverse, and (3) point, side, 

and lateral bars. The linguoid and transverse bars (most typical of 
sandy braided Piveys) have been shown to produce tabular cross-stratifi- 
cation by avalanche slope progradation (Smith, 1970, 1972, 1974; Miall, 
in press). 

Horizontal stratification is produced by sediment transport and 
sedimentation over a plane or flat bed. For most sands and silts this 
is in the upper flow regime but for coarse and very coarse sands it may 
be in the lower flow regime as lower flat bed transport (Harms, et al., 
1975). This is not to be confused with parallel laminations produced 
by the gradual settling out of silts and clays from suspension in quiet 


water. 
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Alluvial facies models 

Facies models for fluvial systems have been developed for 
comparative purposes between deposits. Thus far, the model for 
meandering rivers is the only one widely accepted, whereas fluvial 
systems show a complete gradation from meandering to braided and finally 
Zouelashy, ephemeral streams and sheetfloods on alluvial fans (Harms, 


erat, 1975). 


Meandering fluvial facies model 

The hydrodynamics, geomorphology, and sedimentology of meandering 
streams have been extensively investigated and described (Allen, 1965, 
2/0; vesaer, 1965, 1972; Harms, et al., 1975; )Walker,)/1976). The 
deposits may be divided, as in most fluvial systems, into channel, 
channel-fill, and overbank deposits (Allen, 1965). (See Figure 6-3A) 

Meandering is maintained by erosion of the concave bank of the 
meander and deposition on the inside of the meander as a point bar. The 
point bar accretion is lateral and downstream giving rise to the term 
"lateral accretion deposit” (Allen, 1965; Walker, 1976). At the base 
of a channel deposit is a channel lag deposit of the coarsest bed load 
along with coarse plant debris and large mud clasts. Above this isa 
fining-upward dequence of large-scale trough cross-stratified sands, 
grading into small-scale trough cross-stratification capped by overbank 
deposits. An early model (Allen, 1963) placed horizontally-bedded sands 
between the channel lag and the large trough cross-stratified beds with 
the sequence representing steadily decreasing flow conditions. Since 
then it has been recognized that horizontal bedding may be found anywhere 
in the channel sequence (Allen, 1970); channel depth, curvature, slope 


and width only need be changed slightly to produce flat beds as opposed 
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Figure 6-3. A) Elements of a meandering stream and the associated 


sedimentary structures. B) Fining-upward model of a 
meandering river deposit. C) Floodplain model fora 
meandering river system. (from Walker, 1976). 
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to ripples or dunes. Allen also found that flat beds will form only in 
very gentle meanders (i.e., low en and therefore occur only in 
some meandering rivers at high flood stages when the flood thalweg is 
less sinuous than the low flow thalweg. Planar-tabular cross-stratifica- 
tion is not common in meandering rivers but McGowen and Garner (1970) 

and Jackson (1975) have described planar foreset sedimentation on the 
avalanche faces of bars in meandering streams which are the equivalent 
to braided stream transverse bars. 

The overbank deposits of a meandering stream are formed during 
and after high flood stages of the river. They take the form of levees, 
swale fills, crevasse-splays, and flood basin deposits and represent the 
build-up or “vertical accretion" of the floodplain (Allen, 1965). The 
grain size of the sediments decreases away from the finer sands to pure 
Clays with increasing distance away from the stream. Stratification 
takes the form of small-scale ripples and parallel laminations. Vegeta- 
tion growth is often intense on the floodplains and the deposits contain 
abundant organic remains and root traces. Flood waters may become 
ponded on the flood plain and form fresh-water lakes which contain 
invertebrate faunas and from which carbonates are deposited. Dessication 
often produces suncracks in the clays and silts. In arid to sub-humid 
environments [less than 30 inches of precipitation per year (Gary, et al., 
1972)], caliche-like nodules may form by pedogenic processes in carbonate- 
rich soils (Allen, 1965, 1974a; Visher, 1965, 1972; Walker, 1976). 

Crevasse-splay deposits are overbank deposits but may contain 
sediment that is of the same grain size as the channel deposits. = 
is possible through erosion during flooding that is deep enough to tap 


the bed load of the stream (Allen, 1965; Walker, 1976). Such deposits 
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may show stratification comparable to that found in the channel sands, 
The meandering river facies model (Figure 6-3B) describes a 
fining-upward sequence from channel lag through point bar to overbank 
deposits. In terms of the complete floodplain, the stream meanders 
over portions of the plain to produce elongate sand bodies bordered by 
overbank fines. In time, successive stream locations are abandoned 
and new locations occupied; this allows for the repetition of fining 
upward sequences in a vertical section (Figure 6-3C) (Allen, 1965; 


Visher, 1972; Walker, 1976). 


Braided fluvial facies model 

Models of the sedimentology of sandy braided stream deposits 
are not as well developed as those for meandering streams and most 
discussions are mainly comparisons of braided and meandering systems. 
The most complete synthesis of braided stream models was done by Miall 
(in press) in which four types of braided streams are described. 
Recent braided rivers have been examined in detail by Doeglas (1962), 
Coleman (1969), Collinson (1970), Smith (1970, 1974), and Williams and 
Rust (1969). There are even fewer documented examples of ancient 
braided rivers (Moody-Stuart, 1966; Smith, 1970; Cant and Walker, 1976; 
Miail, 1970, 1976). 

The controls on the deposition of braided stream sediments are 
easily eroded banks, highly variable discharge rates with high flood 
velocities, high slope, and abundant bed load sediment supply (Smith, 
1970). Braiding is initiated when the stream deposits the sediment 
Sizes it is unable to carry or when the stream is not competent to move 


the total sediment supply. Channel bars build around this dropped 
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portion of the load (Leopold and Wolman, 1957). The sediment supply is 
generally coarser than in a meandering stream and the coarse load is 
deposited over the whole of the floodplain. 

The channel deposits take their characteristics from the bedforms 
which are found in the channel; dunes and sand waves of various types. 
The dunes produce large-scale trough cross-stratification which may also 
be Pa in parts of some bars (Smith, 1974; Walker, 1976). Longitudinal 
bars {confined to bars of gravel (Miall, in press)] consist of crude 
horizontal bedding with overall fining-upwards and fining-downstream 
patterns. This type of stratification becomes less abundant distally 
in a braided stream (Smith, 1970). Transverse and linguoid bars have 
well developed avalanche faces which are the areas of formation of 
large-scale tabular cross-stratification (Smith, 1970, 197la, 1971b, 
1972; Harms, eb al,419757) Walkeu,. 19/6). Point bars are uncommon in 
braided streams (Walker, 1976) (Figure 6-4A), although side or lateral 
bars have been described in braided streams (Collinson, 1970). 

Overbank or vertical accretion deposits of braided systems are 
of minor importance and are rarely preserved. Due to the ease of 
migration of the channels, the resultant rapid shifting of channel 
positions and the coarseness of the sediment load, any fines that had 
been deposited would not likely be preserved. 

Miall (in press) has described four types of braided river systems 
and named them after the streams in which the characteristics of each 
were first described: the Scott, Donjek, Platte, and Bijou Creek types. 
The Scott type is gravel dominated and accretion is by superimposition 
The other three 


of successive longitudinal bars in proximal streams. 


types are sandy systems. 
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Figure 6-4. A) Elements of a braided stream and the associated 
sedimentary structures. B) Floodplain model for a braided 
stream system. (from Walker, 1976.) 
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The Donjek type forms a cyclic deposit with successive fining- 
upward cycles. The cycles may be extremely varied but all represent 
a decrease in energy upward. These cycles may be distinguished from 
Similar cycles generated by meandering streams by the abundance of 
planar-tabular cross-stratification which is not common in meandering 
streams. 

The Platte type shows no cyclicity and is composed of super- 
imposed linguoid bar deposits. The result is an abundance of planar- 
tabular cross-bedded sands sometimes with gravel from longitudinal bars. 

The Bijou Creek type was modeled after the flood deposits of 
Bijou Creek in Colorado as described by McKee, et al., (1967). The 
sediments deposited after 9 to 12 hours of flooding were sand-sized, 
from a few eaee Facies to at least 4 metres in thickness, and extended 
up to three-quarters of a kilometre laterally. The most charcteristic 
feature of the deposits was the predominance of horizontal bedding which 
was observed both on the floodplain and in the channel. The Bijou 
Creek model consists of superimposed catastrophic flood deposits which 
are mainly horizontally bedded units (upper plane bed) with succeeding 
planar cross-beds and ripples formed during waning flow. Severe flood 
events have been used by Bell (1968), Stanley (1968), and Miall (1970, 
1973) to explain thick, massive to flat bedded sandstones in ancient 


fluvial sequences. 


The model for he floodplain of a braided river would be lateral 
and vertical successions of the deposits described above with few, thin, 
discontinuous argillaceous overbank deposits (Figure 6-4B) (Allen, 1965; 


Walker, 1976). 
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The main distinguishing features between meandering and braided 
streams were summarized by Smith (1970) and Cant and Walker (1976): 
(1) ripple and dune trough cross-stratification dominate meandering 
stream deposits, whereas horizontal and tabular cross-stratification 
are more common in braided streams, (2) braided streams more often 
contain abrupt variation in grain size, (3) thin shales and intraclasts 
occur more often in braided deposits, and (4) beds are thinner and more 
irregular in braided stream deposits. Miall (in press) noted these 
differences plus that the coarse member of a braided stream cycle forms 
a greater proportion of total cycle thickness than those generated by 


a meandering stream. 


Straight stream facies model 

straight stream channels are not common in nature. As stated 
previously, the thalweg of a straight channel does trace a sinuous 
course within the channel and sand bodies, formed on alternating sides 
of the channel, migrate downstream vier 1965, 1970). Allen (1965) 
suggested this type of stream would be free to sweep across the complete 
floodplain depositing an upward-fining sequence of channel deposits with 
each pass. Overbank fines would be thin and not laterally extensive 
(Figure 6-5). This model is not well understood and has not been 
recognized in the ancient record. 

Moody-Stuart (1966) believed he had recognized the ancient 
deposits of a low-sinuosity stream which is equivalent to a straight 
stream channel with few alluvial islands. His facies model (Figure 6-5B) 


differs with Allen's model (1965) and some of the features follow. 


Moody-Stuart (1966) suggested a low-sinuosity stream will not migrate 
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Figure 6-5. Floodplain models for a straight channelled stream by 


(A) Allen (1965) and by (B) Moody-Stuart (1966). 
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laterally across a floodplain but will aggrade vertically with ina 
confined belt. As the channel system aggrades the channel would become 
wider and shallower since the channel banks would consist of sands which 
have very low cohesion. The channel will be diverted to a new location 
by avulsion after aggradation had raised the river bed above the level 
of the floodplain. Evidence of levees would be found only at the edges 
of channel sand bodies. Stream current directions would be normally 
distributed around the long axis of the stream whereas much more 


variation would be expected in a meandering stream. 


Cyclic fluvial deposits 

In the previous discussion concerning the meandering stream 
model, the term fining-upward sequence was used. Often, fining-upward 
cycle or cyclothem is used instead (Allen, 1965, 1970; Belt, 1968; 

Read, 1969; and many others). The terms cycle and cyclothem were 
avoided in this discussion because of the use of Schwarzacher's (1969) 
definition of geological cyclicity (see Chapter 2). 

Most papers which are concerned with the cyclicity of a sequence 
of rocks contain suggestions about the controls on the cyclic processes. 
Some authors who have summarized and commented on these controls are 
Merriman (1964), Duff, et al. (1967), and Schwarzacher (1975). Beerbower 
(1964) suggested that cyclic of cyclothemic deposition is to be expected 


in a fluvial environment. The following discussion is based on his 


arguments and the terms cycle and cyclothem are used in the usual sense 


meaning one fining-upward sequence of strata, the characteristics of 


which occur repeatedly in a single section. This definition is designated 


as fluvial cyclicity as opposed to geological cyclicity. 
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The controls on alluvial plain cyclicity were divided into 
internal (autocyclic) and external (allocyclic) factors (Beerbower, 
1964). Autocyclicity is produced by channel migration and cut off, 
crevassing, and channel diversion. Beerbower concluded that cyclic 
deposits could be produced by this type of energy redistribution on the 
floodplain. Also all alluvial plains are subject to autocyclic sedi- 
mentation but cycles are only recorded or preserved when subsidence and 
compaction are rapid enough to carry the qecoeiee to a position below 
the level of erosion. The cycles would be cyclothemic, that is 
gradually fining-upwards and abruptly overlain by coarse material at 
the base of another cyclothem. 

The mechanisms of BT isoye lic ty are varying discharge, load, 
and stream slope. These may vary due to variation in sea level, 
climatic changes, spasmodic source area elevation, and spasmodic 
subsidence of the depositional basin. These variations may produce 
cyclic deposits but, again, they will only be preserved if subsidence 
is sufficiently rapid. 

As in most things there are complicating factors. Beerbower 
(1964) points out that with a number of these controls acting concurrently, 
cyclic characteristics may be intensified or obliterated as the controls 
go in and out of phase with each other. While developing these ideas, 
Beerbower acknowledged that’ he had made three assumptions which may not 
always be valid: (1) the depositional basin subsided uniformly over its 
whole extent, (2) compaction was uniform in all the sediments, and {3)) 
alluvial plain topography did not restrict access of streams from any 
Part of the plain. The opposite of these assumptions is often true in 


a depositional basin which in turn modifies the effects of the cyclic 
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mechanisms and influences the deposition of fluvial sediments. 

The point of this discussion is to show that alluvial plains 
naturally produce cyclic sedimentation and the absence or the poor 
development of such cyclicity should be investigated. Also, some ideas 
on the controls should be proposed. 

The transition pattern produced from an autocyclicly deposited 
sequence should clearly show a succession of finer grained sediments 
upward abruptly succeeded by another cycle of the same type. Using the 


format of this study, the pattern would be: 


med+ Sie Clay, 


6.3 Summary of the depositional features 
of the Blairmore Group 


As discussed in Chapter 3, the Blairmore has long been recognized 

as an alluvial plain deposit. In addition to the sedimentary features 

of the group itself, further evidence is available from correlative 
units. Equivalent strata in the southern plains of Alberta (Brown, 

1976) and Saskatchewan (Leung, 1976) have been shown to be fluvial in 
origin. To the north, the Luscar and Mountain Park facies of the 
Blairmore Group are also fluvial but also there is evidence of deltaic 
activity (Holter and Mellon, 1972). The reader is referred to Williams 


and Stelck (1975) for a regional paleogeographic discussion. 
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Another salient point concerning Blairmore deposition that must 
be reiterated is the active Ea ne to the west and southwest of the 
West Alberta Basin during Blairmore time. (See the discussion on 
tectonism in Chapter 3.) 

The graphic logs of the measured sections are presented in 
Figures 6-6, 6-7, and 6-8 with an interpretive division into channel 
(including flood deposits) and overbank deposits. The following is 
a description of the section subdivisions and reasons for the divisions. 


Chapter 4 contains more complete descriptions of the sections. 


Overbank deposits 

In the three sections--Type section (Figure 6-6), Sheep River 
(Figure 6-7), and Burnt Timber Creek (Figure 6-8)--an abundance of 
overbank deposits are evident. The features of these deposits are 
common to all three of the sections. 

The most obvious characteristic is the interbedded succession 
of sediment ranging in grain size from medium grained sand to clay. 
The sandstones are thinner than the finer sediments.and could be ascribed 
to levee or crevasse-splay or flood deposits. The siltstones and 
claystones show extremely varied thicknesses of a few decimetres to a 
few metres. Rapid vertical alternation of grain size was also observed. 

Cross-bedded sandstones about 3 metres thick were observed 
within thick sequences of overbank deposits (for example, above C2 on 
the Sheep River log and above C5 on the Burnt Timber Creek log). These 
May be thin channel deposits, crevasse-splay deposits, or the result of 
severe flood events. The number of interbedded sandstones in the 


Overbank deposits suggests that access to the floodplain was relatively 


easy and flooding was a common occurrence. 
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log of the 
Burnt Timber Creek 
section showing 
enviromental 
interpretation. 
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The siltstones and claystones sometimes showed red or mottled 
red and green coloration indicating oxidizing conditions on the flood- 
plain. Mudcracks, due to dessication, were observed though not 
frequently. Organic debris occurs in all lithologies but not abundantly 
in any one rock type or overall. The floodplain did support vegetation 
but not dense, stable stands or swamps. Calcareous concretions or 
nodules were observed in claystones and siltstones and rarely in very 
fine grained sandstones. Formed in soil horizons, these concretions 
show that parts of the floodplain were isolated from any clastic 
deposition for extended periods of time and the area had only moderate 
Mean annual temperatures and low to moderate mean annual amounts of 
precipitation (Allen, 1974a). 

The Calcareous Member of the Gladstone Formation, the Mme seone 
at the top of the Beaver Mines Formation in the type section, and the 
transported algal balls in the Sheep River section, show that lakes 
were present on the floodplain, an interpretation confirmed by the 


presence of fresh-water invertebrate fossils in the sediments. 


Channel deposits 


The basic criteria for the identification of the channel deposits 
were the thicknesses and grain sizes of the units. The channel units 
are easily recognized and are denoted on the graphic logssas Cl, 1C2, 
ete. identification a Pete een eetegica! processes which were 
Operational during active channel deposition is more oN Gem learn hon 

The outstanding feature of many of the thick sandstones in the 
measured sections was the lack of any observable sedimentary structures. 


These sandstones are described as massive though they may have been 
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horizontally bedded in part or structures that were present were not 
recognizable. Some of these massive sandstones show a fining-upward 
trend (type section: c6; Sheep River section: C5; Burnt Timber Creek 
Creek section: C3), others have fluctuating grain size distributions in 
a vertical profile (type section: Cl, C2, C4, C5; Sheep River section: 
ey, Co, C6; Burnt Timber Creek section: Cl), and the ei are of 
uniform grain size perhaps with thin interbeds of another lithology 
(type section: C7, C9; Sheep River section: C4). 

The remaining channel units are cross-bedded at least in some 
portion of the unit (type section: C3, C8; Sheep River section: C2; 
Pwenecetbimoer Creek section: C2, C3, C4, C5). The cross-stratification 
which was observed was large- or small-scale trough cross-stratification 
or else the exposure was such that the type could not be identified. 

Most of these channel units are abruptly succeeded by overbank 
fines. If the change was found to be gradational, the gradation was 
over a very small vertical distance. Relief due to scouring at the base 
of the channel units was only a matter of a few centimetres with one 
exception, that of C4 on Burnt Timber Creek, where the sandstone had 
eroded approximately 4 metres into the underlying claystone. 

The massive to horizontally-bedded sandstones were deposited 
under upper flow regime conditions. A flood event or a shallow flow 
depth would have produced the necessary conditions to yield plane beds. 

Deposition of the large-scale trough cross-stratified sandstones 
was by migrating dunes under lower flow regime conditions. The trough 
cross-beds observed in the type section (C8) and the Burnt Timber Creek 


Section (C4, C5) are interbedded with massive sandstones and bear the 


greatest resemblance to point bar deposits. These alternations of 
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sedimentary structures could have been caused by changing flow depth 


or flow velocity. 


Markov analysis and transition patterns 


The results of the Markov analysis presented in Chapter 5 showed 
that all of the sections possessed a first-order Markov property. This 
was to be Sipected in an alluvial plain environment because of the 
upward variations in flow velocities and migrating stream channels. 

The most obvious feature of the transition patterns (figured 
in Chapter 5) is the fining-upward trend, again, an expected feature 
of a fluvial deposit. However, there are no examples of the widely 
described, fluvial cyclothen: “ basal erosional surface overlain by 
a coarse member of sandstone and succeeded by a fine member of chiefly 
siltstone with proofs of exposure, followed by another cyclothem 
(Allen, 1974b). 

Figure 6-9 is a simplified version of the transition patterns 
in which the transitions with difference probabilities of less than 0.10 
have been deleted. The most obvious feature is the absence of signifi- 
cant transitions from the finest lithologies (siltstone and claystone) 
to the coarser units (medium and coarser grained sandstone). Such 
transitions would be expected but in this case the thick sequences of 
alternating fine lithologies far outnumbered the transitions from the 
finest to coarsest Bena nenees 

The Burnt Timber Creek transition patterns show two independent 
transition sets: one between fine and medium to coarser grained 
Sandstone, and one from very fine sandstone to siltstone to claystone. 


This suggests a relative independence between the processes of channel 
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Figure 6-9. Simplified versions of the transition patterns in ‘Chapter 5. 
Difference probabilities of less than 0.10 are deleted 


from the patterns. 
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(fine and medium grained sandstone) and floodplain (the finer lithologies) 
deposition. 

The type section has the most complete fining-upward transition 
patterns. In the Beaver Mines Formation of the type section, the 
pattern again suggests two separate trends although they are not as 
well defined as in the Burnt Timber Creek section. 

The Sheep River section is the most anomolous of the three 
sections. There is no lithology which is most likely to follow very 
fine grained sandstone (both patterns) or medium grained sandstone 
(complete section only). The randomness of the lithologies may 
possibly Be explained by the stream having had easy access to the 
floodplain, allowing sand to have been deposited at irregular intervals 
during flooding. With this type of deposition as well as deposition 
in the stream channel, actual transitions in the sections could have 
been to any one of a number of lithologies without any one transition 
being dominant. The succession of the fine grained sandstone followed 
by claystone in the complete section and medium grained sandstone 
followed by siltstone in the Beaver Mines portion of the section could 
be further evidence for this. In the Beaver Mines Formation, the medium 
grained sandstones show the above association as well as an wecheneed 


deposition association with the fine grained sandstones. 


The classical fluvial cyclicity is not present in the Blairmore 
Group in the sections studied. A combination of Beerbower'’s (1964) 


autocyclic and allocyclic controls appear to have modified the expected 


fluvial fining-upward sequence. 
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In terms of autocyclicity, abrupt channel diversions seem to 
have been the dominant process of energy redistribution on the flood=- 
plain. This is suggested by the sharp contacts between channel and 
overbank deposits. 

The allocyclic controls (varying discharge, load, and slope) 
may have had considerable influence on the sedimentation pattern. The 
most obvious cause of this would have been the Columbian tectonic 
activity, including thrust faulting, to the west and southwest. Tectonic 
pulses would have repeatedly raised the elevation of the source areas; 
subsequently, the rates of erosion, the stream slope, and the sediment 
load would have increased at irregular intervals. 

The three formations which comprise the Blairmore have extremely 
different composition which suggests that tectonism had a major influence 
On the Blairmore at least at the scale of formations by exposing new 
Source areas of differing composition. (See Figure 3-1.) The hiatuses 
between the formations in the Crowsnest Pass area have been explained 
by quiescent periods of tectonism (Price and Mountjoy, TOO) see Sus 
suggested that the tectonic activity had a lesser influence on the 
Blairmore on a within-formation scale which caused variations in stream 
Slope and sediment supply. The immature composition of the Blairmore 
sandstones and the high-energy flood deposits described previously may 
be evidence for this tectonic influence. 

Other features mentioned by Beerbower (1964) probably influenced 
the alluvial plain sequence as well. Irregular basinal subsidence and 
irregular floodplain access due to topography on the plain were 
Probably strong factors on the control of sites of deposition and the 


ease with which a channel could migrate over the Eloodplain. \ine 
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abundance of overbank sediments shows that channel locations were 
stationary for extended periods of time. 

The lack of fluvial cyclicity can be explained by a combination 
of autocyclic and allocyclic controls. In terms of allocyclicity, 
channel positions were stable for extended periods of time and channel 
diversion was abrupt. The active tectonism to the west disrupted the 


autocyclic factors by altering stream slopes and loads. 


6.4 Interpretation and summary 

The Blairmore Group was deposited on a broad alluvial plain of 
low relief. The climate was hot and semi-arid to sub-humid with only 
low to moderate amounts of annual precipitation. This is supported by 
the presence of caliche-like nodules in the Blairmore. 

The lack of vegetal remains in the Blairmore strata suggests 
that the amount of vegetation on the floodplain was sparse, especially 
when the Blairmore is compared to the underlying Kootenay Formation with 
its thick coal seams. With the abundance of overbank deposits in the 
Blairmore, surely coal daposits would have been preserved if vegetation 
growth had been lush. A climatic change to drier conditions from the 
Kootenay to Blairmore may explain the lesser growth of vegetation. The 
rising mountains to the west may ae caused a rain shadow affect 
lowering the amounts of precipitation. This suggested paucity of 
vegetation cannot be Beotied to the whole of the present southern Foothills. 
McLean (1977) has reported the outcropping of a coal seam on Waiparous 
Creek which is located between the Sheep River and Burnt Timber Creek 
Sections. The lateral extent of this seam has not been determined. 


The large proportion of overbank sediments in the Blairmore 
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and the thickness of channel and overbank facies packages suggests the 
channel positions were stable for shh epic ea periods of time. It is 
postulated that the stream positions were stable within narrow belts; 
the sandstone bodies which have been identified as channel deposits are 
multistory deposits of a succession of channel positions within the 
same belt. While the multistory channel belts were being deposited, 
thick overbank sequences were being formed on other parts of the 
floodplain. 

Once the channel system had begun to flow in previously deposited 
channel sands, it would tend to stay within that belt instead of 
migrating laterally. The channel sands would form banks of very low 
cohesion and would be very easily eroded whereas the adjacent floodplain 
deposits would be more cohesive and would tend to retain the channel 
tne the same position (Beerbower, 1964; Schumm, 1968b). Vegetation that 
was present on the floodplain would have been concentrated on the edges 
of the channel belt and would have increased the cohesion and resistance 
to erosion of the edges of the channel belt (Schumm, 1968a). With time, 
the channel system aggraded vertically until the river bed was raised 
above the level of the floodplain and diversion of the whole channel 
belt to a new location was by avulsion (Beerbower, 1964; Moody-Stuart, 
1966). 

The channels themselves were probably intermediate between 
meandering and briaded. As the channels continued to flow within the 
channel belt they would tend to become wider and shallower because of 
the lack of bank cohesion (Beerbower, 1964; Moody-Stuart, 1966). With 
the shallower flow depth, it is possible that horizontal bedding would 


have become the predominant sedimentary structure (Allen, 1970). With 
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the suggested lack of vegetation, erosion rates and run-off would have 
been high during Blairmore time and the incidence of severe flooding 
such as the type described by McKee, et al. (1967) would have been very 
likely and would have produced horizontal bedding. 

The number of overbank sands indicate that during severe flood 
events flood waters were spread over large areas of the floodplain. 
After the flood event, the main flow returned to the previous channel 
belt. The calcareous concretions formed in soil horizons and the 
carbonate units indicate parts of the floodplain were isolated from 
any influx of clastic material for long periods of time. 

This model of deposition for the Blairmore does not fit the 
Meandering or Se stream facies models. The proposed model of 
Stable belts of multistory channel deposits which divert by avulsion 
is somewhat similar to Moody-Stuart's (1966) model for low-sinuosity 
streams which he suggested are intermediate between braided and 
meandering. Comparison of the Blairmore channel units with the Bijou 
Creek type of flood deposits also shows a number of similar features 
including the dominant sedimentary structure, the amount of plant 
cover, and the climatic conditions. 

The lack of fluvial cyclicity was caused by the interaction of 
autocyclic and allocyclic controls. The lack of lateral migration 
of stream positions and channel diversion by avulsion do not provide 
the gradual facies transitions necessary for fluvial cyclicity. The 
main allocyclic control was the active tectonism to the west and 


Southwest which caused irregular source area elevations, stream slopes, 


and sediment supplies. 
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The inferences drawn in this study are applicable only to ae 
three measured sections. The conclusions are not realistic for the 
central and northern Foothills of Alberta where strata equivalent to 
the Blairmore Group are coal~bearing and have evidence of marine 
incursions. The Blairmore in the southern Foothills is highly variable 
in its character and the preceding interpretations may only be applicable 


in a very general sense to the group on a regional scale. 
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CHAPTER 7 
SUMMARY AND CONCLUSIONS 


Conclusions from Markov analyses 

The Blairmore Group in the type section and the Sheep River 
section and the Beaver Mines Formation in these sections plus the 
Burnt Timber Creek section all possessed a first-order Markov property 
at a 99.9% level of confidence. 

The transition patterns derived from the transition matrices 
all showed some variant of a fining-upward trend. These trends were 
always truncated however, in that transitions from the finest to coarsest 
lithologies were random or nearly random. A number of patterns displayed 
two almost-independent sequences: one between the coarser lithologies 
and the other among the finest lithologies. 

The Blairmore Group was found to be non-oscillatory in the type 
and Sheep River sections. The Beaver Mines Formation also showed no 
geological cyclicity in the Sheep River section. In the type section, 
it was found that raped essen te Mines lithology of very fine grained 
sandstone (lithotype TBM2) had a period of recurrence of 4 metres, while 
the other lithologies were non-oscillatory. In the Burnt Timber Creek 
section, the lithology of siltstone (lithotype B4) in the Beaver Mines 
Formation should be expected to occur at 4 metre intervals while the 
rest of the lithologies had no period of recurrence. This apparent 


Oscillatory behavior may be only a function of the sampling method used 


for the transition matrices. 
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Conclusions on the depositional environment 

The Blairmore Group, as represented in the three measured sections, 
was deposited on a broad alluvial plain of low relief east of the rising 
Rocky Mountains. The channel positions were stable within narrow 
channel belts for extended periods of time which produced multistory 
channel deposits. The streams were intermediate between braided and 
meandering and deposited sediment under both upper and lower flow regime 
conditions. The stable channel belts allowed (1) great thicknesses of 
Ooverbank sediments to accumulate, (2) pedogenic process to form 
calcareous concretions, and (3) fresh-water lakes to develop on the 
floodplain. Catastrophic flood events deposited horizontally-bedded 
sands in the channel belts and spread clastic detritus of widely varying 
grain size over large parts of the floodplain. The climate was hot and 
semi-arid to sub-humid with a paucity of vegetation on the floodplain. 

The group shows a fining-upward trend but fluvial cyclicity is 
not present in the sections. The stable channel belts and the disruptive 
tectonic influence did not allow gradual migration of stream positions 
nor gradual vertical facies changes necessary to show cyclicity. The 
abundance of overbank fines mixed with flood-deposited sands subdued 
the transitions from the fine to coarse lithologies, producing truncated 
sequences. The separation of the transition patterns into two sets 
reinforces the idea of the separation of floodplain and channel processes 


as suggested by the stable channel belt model. 


Conclusions on methodology 
Detailed petrographic descriptions of samples by binocular 


microscope were found to be of no practical value for defining lithotypes 


using a cluster analysis approach. Sufficient petrographic information 
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could be obtained by estimation of the percentages of dark and light 
minerals using a binocular microscope with slabbed samples. 

The grain size of the sample dominated the groupings of samples 
in the cluster analyses. This was a function of the weighting applied 
in the coding, similarity among samples of the same grain size, and the 
limited number of clusters which could be used in a valid Markov chain 
analysis. 

The results of the unweighted pair-group cluster analysis using 
Jaccard's coefficient was of extremely limited use in this study. The 
amount of time and money spent on this analysis was not justified since 
essentially the same results were achieved using classification by 


grain size alone. 


Recommendations 

The Blairmore Group should be investigated further to provide a 
more detailed sedimentological interpretation of the strata. Emphasis 
should be placed on sedimentary structures, depositional environments, 
Ppaleocurrent analysis, and lateral trends of the channel sandstones. 
The differences between the coal-bearing strata in the northern Foothills 
and the generally barren Blairmore strata of the southern Foothills 
should be examined further and the gradational area between the two 
areas, in the vicinity of the Red Deer River, shouid be studied to 
determine if any evidence ne be found to support basement control on 
Cretaceous sedimentation as suggested by Stelck (1975). 

Studies using the different methods of structuring Markov chains 
should be made using actual stratigraphic sequences to assess their 


usefulness in something other than simulation runs. It is possible 
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that there may be other autoregressive models (Schwarzacher, 1975) of 
use in analyzing stratigraphic data. More use of Schwarzacher's (1969, 
1975) suggestions about geological cyclicity should be made on real 
sections to further investigate the meaning of eigenvalues and how the 


results may be interpreted sedimentologically and environmentally. 
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Abbreviations used to indicate range of grain size: 
c clay 

Ss silt 

vf very fine sand 

f fine sand 

m medium sand 

crs coarse sand 

ver very coarse sand 


12 mm size 


Abbreviations used to indicate range of clast roundness: 
va very angular 

a angular 

sa subangular 

sr subrounded 

x rounded 

wr well rounded 


of pebbles in millimetres 
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Sample ness 
Number (metres) 
Gl-1 305 
G2-1 : 
Sige) 
G3-1 1.4 
G4-] se! 
G5-1 6.0 
G6-1 20 
Gia. 265 
G8-1 0.5 
G9-) DO 
G10-1 ss 


TYPE SECTION 


Kootenay Formation 


= Interbedded quartzose sandstone, dark grey shale and coal 


Thick- 


Position 
(metres 
from base) 


2.0 


gLa2 
1253 


18.3 


20.3 


2125 


23.3 


Zone 


26.8 


Blairmore Group : 


Gladstone Formation 


Description 


Sandstone, medium (f-crs) grained; moderate 
sorting; subangular (a-sr) clasts; 0% carbonaceous 
material; medium light grey, weathering brown; 
sharp unconformable lower contact; resistant. 


Covered. 


Siltstone; (s-vf); well sorted; angular clasts; 
0% carbonaceous material; medium grey, weathering 
grey; highly fractured; moderately resistant. 


Covered. 
Same as G2-l. 


Sandstone, medium (f-crs) grained; moderate 
sorting; subangular (sa-sr) clasts; 2% carbonaceous 
material; small cross-beds; rare vlant remains; 
medium grey, weathering grey brown; resistant; 
sharp to erosional lower contact. 


Sandstone, very fine (s-vf£) grained; poor scrting; 
angular (va-sa) clasts; 2% carbonaceous material; 
medium light grey, weathering grey brown; 
resistant; gradational lower contact. 


Sandstone, very fine grained; well sorted; sub- 
angular (a-sr) clasts; medium light grey, weather- 
ing brown; moderately resistant; gradational 

lower contact. 


Sandstone, medium (f-crs) grained; well sorted; 
subangular (a-sr) clasts; 0% carbonaceous material; 
medium grey, weathering brown; moderately resis-. 
tant; sharp lower contact. 


Siltstone; no sample; grey; recessive; highly 
fractured; sharp lower contact. 


Sandstone, very fine grained; well sorted; sub- 
rounded (sa-sr) clasts; 0% carbonaceous material; 
medium light grey, weathering grey; resistant; 
sharp lower contact. 


Sandstone, very fine (s-f) grained; moderate 

sorting; angular (a-sr) clasts; 0% carbonaceous 
material; medium light grey, weathering grey; 2 
moderately resistant; sharp lower contact. 
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Thick- 

Sample ness 
Number (metres) 
Gll-1 a RS) 
G12-1 (sal 
G13-1 1.0 
G1l4~-1 2.0 
G15-1 0225 
G16-1 OLS 
G17-1 aVeab 
G18-1 2.3 
G19-1 BG 

0.1: 
G20-1 3.0 
G21-1 Ol: 
G22-] eo 
G23-1 0.4 
G24-1 24 
G25-1 raed 
G26-2 Deel: 


Position 
(metres 
from base) 
a el ay aera ree Lk ee teae nee oE 


29.8 


31.8 


SAodk 


3252 


Bo .S 


36.2 


3862 


41.3 


41.4 


48.3. 


48.7 


61.1 


63.03 


65.1 


A-4 


Description 


Claystone; well sorted; reddish purple, weathering 
red and green; recessive. 


Siltstone; c-s; well sorted; medium light grey, 
weathering brown grey; moderately resistant. 


Siltstone; well sorted; grey, weathering green 
grey; recessive; sharp lower contact. 


Claystone; c-s; moderate sorting; reddish purple, 


‘weathering red and green; recessive; sharp lower 


contact. 


Claystone; c-s; well sorted; very light grey, 
weathering brown; moderately resistant; sharp 
lower contact. 


Claystone; no samole; grey; recessive; splintery; 
gradational lower contact. 

Sandstone; fine (vf-f) grained; well sorted; sub- 
rounded (sa-sr) clasts; 0% carbonaceous material; 


medium light grey, weathering grey brown; 
resistant; sharp lower contact. 


Claystone; no sample; grey; recessive; mainly 
covered. 
Claystone; c-s; well sorted; faint laminations; 


light grey, weathering brown; resistant; sharp 
lower contact. 


Covered. 

Claystone; c-s; well sorted; laminated; green and 
read, weathering red brown; recessive; sharp lower 
contact. 

Siltstone; c-s; well sorted; medium grey, weather- 
ing brown; moderately resistant; gradational lower 
contact. 

Claystone; grey; mainly covered; no sample. 
Siltstone; s-vf; poor sorting; angular (a-sa) 
clasts; abundant plant remains; light grey, 
weathering grey; 6% carbonaceous material; 
resistant; sharp lower contact. 

Claystone; mainly covered; recessive; sharp lower 
contact. 


Base of Calcareous Member 


Limestone; very fine (s-vf) grained; moderate 
sorting; 15% carbonaceous material; light grey, 
weathering grey; moderately resistant; sharp 
lower contact. 

Calcareous claystone; c-s; well sorted; finely 
laminated; 0% carbonaceous material; medium grey, 
weathering light grey; recessive; sharp lower 
contact. 
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Thick- Position 
Sample ness (metres 
Number (metres) from base) Description 
re er re eee ee eee 
G27-2 1.6 66.7 Limestone, very fine (s-f) grained; moderate 
sorting; 0% carbonaceous material; light grey, 
weathering grey; resistant; sharp lower contact. 


C20-7ane) 1.32 68.1 Limestone, aphanitic; c-s; 5% carbonaceous 
material; medium dark grey, weathering grey; 
resistant; sharp lower contact. 


G28-3 WB 69.4 — Limestone, aphanitic; coquinoid layers; 3% 
carbonaceous material; medium grey, weathering 
grey; resistant; gradational lower contact. 


G29-1 Ab gal 70.4 Limestone; grain size of silt (c-vf); poor sorting; 
es 15% carbonaceous material; abundant symmetrical 
ripple marks; medium grey, weathering brown grey; 
resistant; gradational lower contact. 


G30-1 0735 75.8 Limestone; grain size of silt; well sorted; 2% 

carbonaceous material; laminated; rivple marks; 
medium light grey, weathering grey; recessive; 
sharp lower contact. 


G31-1 ers Sia it Limestone; grain size of clay (c-s); well sorted; 
2% carbonaceous material; laminated; medium light 
grey, weathering grey; resistant; sharp lower 
contact. 


G32-1 On55 WS 7 Limestone; grain size of clay; well sorted; some 
invertebrate fossils; 5% carbonaceous material; 
medium light grey, weathering grey; resistant; 
sharp lower contact. 

G33-1 digs: 74.3 Limestone; grain size of silt (c-vf); poor sorting; 

; irregular ripple marks; 15% carbonaceous material; 
medium light grey, weathering grey; resistant; 
sharp lower contact. 

G34-1 Zee Cithcal Limestone; grain size of clay; well sorted; 
abundant invertebrate fossils; 0% carbonaceous 
material; medium light grey, weathering grey; 
moderately resistant; sharp lower contact. 


Top of Gladstone Formation 
Total thickness of the formation is 77 metres 


Total thickness of the Calcareous Member is 14 metres 


Beaver Mines Formation 


G35~-1 0.9 77.9 Claystone; c-s; well sorted; dark grey, weathering 
the same; recessive; sharp lower contact. 


ee) 0.8 78.7 Siltstone; c-s; well sorted; laminated; ripple 
marks; dark grey, weathering the same; gradational 


lower contact. 

G37-1 2.4 81.2 Sandstone; medium (f-m) grained; moderate sorting; 
subrounded (sa-sr) clasts; O% carbonaceous 
material; massive; olive grey, weathering green 
grey; resistant; gradational lower contact. 
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A-6 


Description 


a 


Thick- 
“Sample ness 
Number (metres) 
G38-1 Boel 
G39-1 Pec! 
G40-1 14 
G41-1 GES 
G42-1 0 
G43-1 0.6 
G44-] 0.5 
G45-1 0.4 
G46-] VeD 
G47-1 0.6 
G48-1 bee! 
G49-] 0.4 
G50-1 0.5 
G51-1 0.95 


62.3 


85.6 


88.1 


104.5 


£05.5 


106.2 


106.6 


BO a 


10832 


108.8 


aL On2 


110.6 


2 hs ee 


111.5 


Conglomerate; medium sand--12mm; poor sorting; 
subrounded (sr-r) clasts; 0% carbonaceous 
material; large trough cross-beds; medium light 
grey, weathering medium grey; moderately resistant; 
gradational lower contact. 


Sandstone, fine (f-m) grained; moderate sorting; 
subrounded (sa-sr) clasts; massive; 0% carbonaceous 
Material; green grey, weathering green grey; 
moderately resistant; sharp lower contact. 


Sandstone, very fine (s-vf) grained; moderate 
sorting; angular (va-sa) clasts; 3% carbonaceous 
material; green grey, weathering green; moderately 
resistant; sharp lower contact. 


Siltstone; s-vf; moderate sorting; subangular 
(a~sr) clasts; 5% carbonaceous material; green 
grey, weathering green; moderately resistant; 
sharp lower contact. 


Claystone; no sample; mottled red and green; 
recessive; gradational lower contact. 


Sandstone, very fine (s-f) grained; moderate 
sorting; subrounded (sa-sr) clasts; green grey, 
weathering brown grey; moderately resistant; 
sharp lower contact. 


Siltstone; no sample; green grey, weathering grey; 
moderately resistant; gradational lower contact. 


Sandstone, very fine (s-f) grained; poor sorting; 
subangular (a-sr) clasts; 5% carbonaceous 
material; thins laterally; green grey, weathering 
light grey; moderately resistant. 


Claystone; c-s; well sorted; 10% carboncaeous 
material; calcareous concretions; medium grey, 
weathering brown; recessive; gradational lower 
contact. 


Siltstone; no sample; calcareous concretions; 
Gark grey; recessive; gradational lower contact. 


Sandstone, very fine (s-vf) grained; moderate 
sorting; subangular (a-sr) clasts; 0% carbonaceous 
material; green grey, weathering grey; sharp 

lower contact. 


Claystone; no sample; grey; recessive; sharp 
lower contact. 

Sandstone, very fine (s-f) grained; poor sorting; 
angular (va-sa) clasts; 10% carbonaceous material; 
green grey, weathering grey; resistant; sharp to 
erosional lower contact. 


Sandstone, medium (f-m) grained; moderate sorting; 
subrounded (sa-sr) clasts; 3% carbonaceous 
material; green grey, weathering green grey; 
resistant; sharp lower contact. 
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Thick- Position 
Sample ness (metres 
Number (metres) from base) 
652-1 0.25 i233 
G53-1 0.45 MBAS 7) 
G54-1 O22 2259 
G55-1 0.6 TILES §5 Sul 
G56-1 0.8 114.3 
G57-1 O73 114.6 
G58-1 O25 ey Sey 
G59-1 13 116.4 
G60-1 0.8 217.2 
G6l1-1 0.9 SEAMS Foal 
G62-1 a2. DOS 
G63-1 0.21 a1.9).'5 
G64-1 Oss WpAY (6) 
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Description 
a ar te I eee ee ee 
Sandstone, very fine (s-f) grained; moderate 
sorting; subangular (a-sr) clasts; 0% carbonaceous 
material; green grey, weathering green; moderately 
resistant; gradational lower contact. 


Sandstone, fine (vf-m) grained; moderate sorting; 
subangular (sa-sr) clasts; 1% carbonaceous 
material; green grey, weathering green grey; 
moderately resistant; sharp lower contact. 


Claystone; c-s; moderate sorting; 2% carbonaceous 
Iaterial; dark grey, weathering grey; recessive; 
gradational lower contact. 


Siltstone; c-vf; poor sorting; subangular (a-sr) 
clasts; 8% carbonaceous material; green grey, 
weathering brown grey; moderately resistant; 
gradational lower contact. 


Sandstone, fine (vf-f) grained; poor sorting; 
subangular (a-sr) clasts; 8% carbonaceous material; 
medium dark grey, weathering green grey; moderately 
resistant; sharp lower contact. 


Sandstone, very fine (s-f) grained; poor sorting; 
angular (va-sa) clasts; 10% carbonaceous material; 
medium dark grey, weathering grey; moderately 
resistant; gradational lower contact. 


Siltstone; c-vf; poor sorting; angular clasts; 
faint laminations; 8% carbonaceous material; 

dark green grey, weathering brown grey; moderately 
resistant; sharp lower contact. 


Claystone; well sorted; plant fragments; dark 
grey, weathering grey; recessive; gradational 
lower contact. 


Siltstone; c-s; moderate sorting; angular clasts; 
5% carbonaceous material; dark green grey, weather- 
ing light grey; recessive. 

Sandstone, very fine (s-vf) grained; poor sorting; 
subangular (sa-sr) clasts; 5% carbonaceous 
material; mud clasts; dark green grey, weathering 


grey; resistant; sharp lower contact. 


Sandstone, fine (vf-m) grained; moderate sorting; 
subangular (sa-sr) clasts; dark green grey, 
weathering green grey; moderately resistant; 
sharp lower contact. 


Claystone; well sorted; dark grey, weathering 
grey; recessive; sharp lower contact. 


Siltstone; c-s; moderate sorting; 2% carbonaceous 
material; dark green grey, weathering brown grey; 
moderately resistant; gradational lower contact. 
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Position 
(metres 
from base) 


Description 


aa ee 


Thick- 
Sample ness 
Number (metres) 
G65-1 On2 
G65-2 10 
G66-1 0.6 
G67-1 Ons 
G68-1 0.45 
G69-1 eS 
G70-1 Ons 
G71-1 0.4 
G72~1 0.9 
G73-1 02385 
0.6 
G74-1 0.4 
G75-1 lee 4 


0.4 


22r 3 


122.2 


122.8 


223.1 


123.5 


124.9 


125).:2 


125.6 


1263.2 


126.8 


127.8 
129.2 


Sandstone, very fine (vf-f£) grained; poor sorting; 
angular (va-sa) clasts; 0% carbonaceous material; 
dark green grey, weathering grey; ne sharp 
to erosional lower contact. 


Sandstone, fine (vf-f) grained; moderate sorting; 
subangular (sa-sr) clasts; 0% carbonaceous 
material; dark green grey, weathering grey; 
resistant; gradational lower contact. 


Sandstone, very fine (vf-f) grained; moderate ° 


.sorting; subangular (sa-sr) clasts; 3% carbonaceous 


material; occasional plant remains; dark green grey, 
weathering brown grey; moderately resistant; sharp 
lower contact. 


Sandstone, very fine (s-vf) grained; moderate 
sorting; subrounded (sa-sr) clasts; 2% carbonaceous 
material; dark green grey, weathering brown grey; 
moderately resistant; sharp lower contact. 


Claystone; well sorted; dark grey, weathering dark 
grey; recessive; sharp lower contact. 


Sandstone, fine (vf-f) grained; moderate sorting; 
subrounded (sa-sr) clasts; 3% carbonaceous 
material; dark green grey, weathering brown grey; 
resistant; sharp lower contact. 


Sandstone, very fine (s-vf) grained; poor sorting; 
subrounded (sa-sr) clasts; 2% carbonaceous 
material; green grey, weathering grey; moderately 
resistant; gradational lower contact. 


Siltstone; c-vf; moderate sorting; 1% carbonaceous 
material; green grey, weathering brown grey; 
recessive; gradational lower contact. 


Sandstone, very fine (s-vf£) grained; well sorted; 
subangular (sa-sr) clasts; 0% carbonaceous 
material; mud clasts; occasional plant remains; 
green grey, weathering green grey; moderately 
resistant; sharp lower contact. 


Siltstone; c-s; well sorted; laminated; ripple 
marks; olive grey, weathering brown grey; 
recessive; sharp lower contact. 


Covered. 


Same as G73-1. 


Sandstone, very fine (s-vf) grained; moderate 
sorting; subrounded (sa-sr) clasts; 0% carbon- 
aceous material; small trough cross-beds; olive 
grey, weathering brown grey; moderately resistant; 
sharp lower contact. 


Covered. 
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. A-9 
Thick- Position 

Sample ness . (metres 

Number (metres) from base) Description 

a 

-G76-1 0.2 129.8 Claystone; well sorted; dark grey; recessive. 

G77-1 0.3 130.1 Sandstone, very coarse (medium sand--7mm) grained; 
moderate sorting; subrounded (sa-sr) clasts; 
occasional plant remains; green grey,. weathering 
green grey; resistant; erosional lower contact. 

G78-1 2.0 I SHO)G Ab Sandstone, medium (f-m) grained; moderate sorting; 
subrounded (sa-sr) clasts; 5% carbonaceous 
material; green grey, weathering green grey; 

F abundant plant remains near base; resistant; 
gradational lower contact. 

G78-2 2.0 132.1 Same as G/78-1; rare plant remains. 

G78-3 DO) 134.1 Same as G78-1; abundant plant remains at base. 

G78-4 ZO 136.2 Same as G78-]. 

G79-1 UG 139R Sandstone, medium (f-m) grained; well sorted; 
subrounded (sa-r) clasts; 1% carbonaceous material; 
light olive grey, weathering brown grey; laminated; 
resistant; sharp lower contact. 

G80~1 276 (0) Ahead Sandstone, medium (f-m) grained; moderate sorting; 
subrounded (a-sr) clasts; 0% carbonaceous material; 
light olive grey, weathering green grey; resistant; 
sharp lower contact. 

G81-1 20 143.1 Sandstone, fine (f-m) grained; moderate sorting; 
subrounded (sa-sr) clasts; 0% carbonaceous 
material; green grey, weathering grey; resistant; 
gradational lower contact. 

G82-1 0) 144.1 Sandstone, fine (vf-f) grained; poor sorting; 
subangular (sa-sr) clasts; 8% carbonaceous 
material; abundant plant remains at base; thin 
bedded; grey gren, weathering brown grey; 
resistant; gradational lower contact. 

G83-1 2.0 146.1 Same as G82-1; no plant remains. 

G84-) Beis 148.9 Sandstone, medium (vf-m) grained; moderate 
sorting; 0% carbonaceous material; light olive 
grey, weathering dark grey; resistant; gradational 

+ lower contact. 

G85-1 518} PS e2 Same as G85-l. 

G86-1 0.3 pS iss Claystone; c-s; well sorted; green grey, weathering 
dark grey; abundant plant remains; recessive; 
sharp lower contact. 

G87-1 Abey 7A i lia BAe | Siltstone; c-s; moderate sorting; subangular (a-sa) 
clasts; green grey, weathering brown grey; 
moderately resistant; gradational lower contact. 

G88~] 1.05 MSS, Sandstone, very fine (s-f) grained; poor sorting; 


subangular (a-sa) clasts; cross-bedded; 0% 
carbonaceous material; olive grey, weathering 
light grey; moderately resistant; sharp lower 
contact. 
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Thick- Position 

Sample ness (metres 

Number (metres) from base) Description 

ii ala. LL... 

G89-1 3.0 D56% 7, Siltstone; c-s; poor sorting; subangular (a-sa) 
clasts; minor fault; laminated; dark green grey, 
weathering dark grey; recessive; sharp lower 
contact. 7 

G89--2 2.0 SSa Siltstone; c-vf; moderate sorting; subangular 
(sa-sr) clasts; laminated; dark green grey, 
weathering dark grey; plant remains; resistant. 

G90-1 0.48 SoS Claystone; c-s; well sorted; dark grey, weathering 

/ dark grey; recessive; gradational lower contact. 

G91-1 0 159.4 Siltstone; c-s; moderate sorting; laminated; 
green grey, weathering dark grey; moderately 
resistant; gradational lower contact. 

G91-2 $35.5) GSS Same as G9l1-1. 

G91-3 Bodh HGS Same as G91-1. 

G91-4 10 166.7 Sandstone, very fine (v-f) grained; moderate 
sorting; subangular (sa-sr) clasts; 3% carbonaceous 
material; green grey, weathering dark grey; 
moderately resistant; gradational lower contact. 

BO Covered. 

G92-1 0.6 ORs Claystone; well sorted; green grey, weathering 
dark grey; recessive. 

G93-1 0.65 170.9 Sandstone, very fine (s-f) grained; poor sorting; 
subrounded (sa-sr)clasts; 2% carbonaceous 
material; green grey, weathering green grey; 
resistant; erosional lower contact. 

G94-1 0.15 NF bod! Claystone; c-vf; poor sorting; green grey, 
weathering green; recesSive; sharp lower contact. 

GO5= 0.4 Dies. 5 Sandstone; fine (vf-f) grained; poor sorting; 
subangular (a-sr) clasts; 3% carbonaceous material; 
green grey, weathering green grey; moderately 
resistant; gradational lower contact. 

336, (0) Covered. 

G96-1 1.33 174.8 Sandstone, very fine (s-vf) grained; poor sorting; 
subangular (sa-r) .clasts; 2% carbonaceous material; 
large trough cross-beds; green grey, weathering 

i green; moderately resistant; gradational lower 
contact. 

Go7=1 4.0 178.8 Claystone; c-s; moderate sorting; plant remains; 

iP dark grey, weathering grey; recessive; sharp 
_ lower contact. 

G98-1 0.23 279.2 Sandstone, fine (vf-f) grained; moderate sorting; 
subrounded (sa-sr) clasts; mud clasts; green grey, 
weathering brown grey; moderately resistant; 
sharp lower contact. 

G99-] 0.52 179.5 Sandstone, medium (f-m) grained; poor sorting; 


subangular (sa-sr) clasts; 0% carbonaceous material; 
green grey, weathering green; moderately resistant; 
gradational lower contact. 
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Thick- 


Sample ness 


Number (metres) 
er ropemern eet Se eee ee SE 


G100-1 0.76 


G101-1 0.64 


G102-1 0.98 


GrO3~-1) 3.07 


G106-1 0.44 


G107-1 0.64 


G108-1 0.63 


G109-1 0.85 


~G110-1 1.55 


Glll1-1 Ona) 


G112-1 On55 


G113-1 ede 


Position 
(metres 
from base) 


180.3 


180.9 


181.9 


184.9 


SSA 


185.9 


186.3 


186.9 


187.6 


188.4 


189.9 


A-1l 


Description 


Sandstone; medium (vf-m) crained; moderate sorting; 
subrounded (sa-sr) clasts; 2% carbonaceous 
material; green grey, weathering grey; moderately 
resistant; gradational lower contact. 


Sandstone, very fine (s-f) grained; poor sorting; 
subangular (sa-sr) clasts; 0% carbonaceous 
Material; green grey, weathering grey; moderately 
resistant; gradational lower contact. 


Siltstone; c-vf; poor sorting; medium grey, 
weathering dark grey; recessive; sharp lower 
contact. ; 


Sandstone, medium (f-m) grained; poor sorting; 
subangular (sa-sr) clasts; 0% carbonaceous 
material; abundant large trough cross-beds; 
Olive grey, weathering green grey; resistant; 
sharp lower contact. 


Claystone; c-s; well sorted; medium grey, 
weathering grey; recessive; sharp lower contact. 


Siltstone; c-vf; moderate sorting; laminated; 
green grey, weathering grey; moderately resistant; 
gradational lower contact. 


Claystone; well sorted; laminated; medium grey, 
weathering grey; recessive; sharp lower contact. 


Sandstone, fine (s-f) grained; poor sorting; 
subrounded (sa-r) clasts; 2% carbonaceous material; 
green grey, weathering brown grey; resistant; 

sharp lower contact. 


Claystone; c-s; moderate sorting; laminations; 
green grey, weathering brown grey; recessive; 
sharp lower contact. 

Sandstone, fine (s-f) grained; poor sorting; 
subangular (sa-sr) clasts; 0% carbonaceous 
material; green grey, weathering grey; resistant; 
sharp lower contact. 

Claystone; well sorted; green grey, weathering 
dark grey; moderately resistant; gradational 
lower contact. 


Siltstone; c-vf; moderate sorting; subangular 
(sa-sr) clasts; 0% carbonaceous material; green 


_ grey, weathering brown grey; moderately resistant; 


gradational lower contact. 


Claystone; no sample; dark grey; recessive; 

sharp lower contact. 

Sandstone, very fine (s-vf); poor sorting; sub- 
angular (sa-sr) clasts; 0% carbonaceous material; 
green grey, weathering green; resistant; sharp 
lower contact. 
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Position 
(metres 
from base) 


Description 


re ee ee et th Se 


Thick- 
Sample ness 
Number (metres) 
G114-1 0.43 
G115-1 a opl-4 
G116-1 0.4 
Gl117-1 Oa33 
G118-1 0.7 
G119-1 1.08 
G120-1 210 
G121-1 A 
G122-1 31935 
G123-1 0.64 
G124-] 0.25 
G125-1 IES(@; 
G126-1 0.25 
G127-1 0.6 
G128-1 0.6 


193.4 


194.6 
195.0 
£95.23 


196.0 


197724 


201.2. 


204.2 


207.5 


208.2 


208.5 


Claystone; well sorted; dark grey, weathering 
black; recessive; sharp lower contact. 


Siltstone; c-s; well sorted; angular (a-sa) clasts; 
ripple marks; green grey, weathering medium grey; 
moderately resistant; gradational lower contact. 


Claystone; well sorted; dark green grey, weathering 
green; recessive; sharp lower contact. 


Siltstone; s-vf; moderate sorting; subangular 
(a-sr) clasts; 0% carbonaceous material; dark 
green grey, weathering green grey; recessive; 
gradational lower contact. 


Sandstone; very fine (s-vf) grained; poor sorting; 
subangular (a-sr) clasts; 0% carbonaceous 
Material; green grey, weathering green; moderately 
resistant; gradational lower contact. 


Claystone; well sorted; dark green grey, weathering 
brown grey; moderately resistant; sharp lower 
contact. : 

Sandstone, fine (vf-f) grained; poor sorting; 
angular (a-sa) clasts; 0% carbonaceous material; 
green grey, weathering green grey; moderately 
resistant; sharp lower contact. 


Covered. 

Claystone; c-~s; moderate sorting; calcareous 
concretions; green grey, weathering brown grey; 
moderately resistant. 


Clavstone; well sorted; green grey, weathering 
brown; recessive; gradational lower contact. 


Siltstone; c-s; moderate sorting; green grey, 
weathering grey; moderately resistant; gradational 
lower contact. : 

Claystone; well sorted; green grey, weathering 
grey; moderately resistant; gradational lower 
contact. 

Siltstone; c-s; moderate sorting; 1% carbonaceous 
material; green grey, weathering brown; moderately 
resistant; gradational lower contact. 


Claystone; no sample; same as G124-1. 


| Sandstone, very fine (c~vf) grained; moderate 


sorting; subangular (a-sa) clasts; green grey, 
weathering grey; moderately resistant; sharp 


lower contact. 

Claystone; c-s; well sorted; ripple marks; lamina- 
tions; green grey, weathering grey; recessive; 
sharp lower contact. 
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Thick- 
Sample ness 
Number (metres) 
G129-1 0.45 
G130-1 0.9 
G131-1 1.4 
G132-1 4.0 
G132-2 260 
G132-3 ASD) 
G132-4 20 
G132-5 2.0 
G132-6 De 
G134-1 ooh 
G135-1 10 
G136-1 2.0 


Position 
(metres 
from base) 
See ee eee el fe ee 


211.4 


212.3 


213.6 


217.6 


219.6 


220.6 


PuPo SNS 


225.6 


PETE 
230.6 


235.4 


180 


A-13 


Description 


Siltstone; c-vf; moderate sorting; angular (a~sr) 
clasts; green grey, weathering grey; recessive; 
gradational lower contact. 


Sandstone, medium (f-m) grained; poor sorting; 
subangular (sa-sr) clasts; 0% carbonaceous 
Material; green grey, weathering brown grey; ° 
moderately resistant; gradational lower contact. 


Claystone; c-s; moderate sorting; -green grey, 
weathering dark brown; recessive; sharp lower. 
contact. 


Sandstone, medium (f-m) grained; moderate sorting; 
subangular (sa-sr) clasts; 0% carbonaceous 
material; green grey, weathering grey; erosional 
at base; resistant. 


Sandstone, very fine (s-f) grained; poor sorting; 
subangular (a-sr) clasts; 0% carbonaceous 
material; horizontally bedded; green grey, 
weathering brown grey; resistant; gradational 
lower contact. 


Sandstone, medium (f-m) grained; poor sorting; 
subangular (a-sr) clasts; 0% carbonaceous 
Inmaterial; horizontally bedded; green grey, 
weathering brown grey; resistant; gradational 
lower contact. 


Sandstone, fine (vf-f) grained; moderate sorting; 
subangular (a-sr) clasts; horizontally bedded; 

0% carbonaceous material; green grey, weathering 
brown grey; resistant; gradational lower contact. 


Sandstone, medium (f-m) grained; poor sorting; 
subrounded (sa-r) clasts; 0% carbonaceous 
material; horizontally bedded; green grey, 
weathering brown grey; resistant; gradational 
lower contact. 

Same as G132-5. 

Sandstone, very fine (s-f) grained; poor sorting; 
subangular (a-sr) clasts; 0% carbonaceous 


material; thin bedded; green grey, weathering 
brown; resistant; gradational lower contact. 


Sandstone, medium (vf-m) grained; poor sorting; 
subrounded (sa-sr) clasts; 0% carbonaceous 
material; green grey, weathering grey; resistant; 
sharp lower contact. 

Claystone; c-s; well sorted; medium grey, 
weathering dark grey; recessive; sharp lower 
contact. 

Sandstone, medium (f-m) grained; poor sorting; 
subangular (a~-sr) clasts; 0% carbonaceous 
material; green grey, weathering green grey; 
resistant; sharp lower contact. 
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A-14 


Description 


np Ee ee eR Ee ee al) ee 


Thick- 
Sample ness 
Number (metres) 
G136-2 26.0 
G136~3 4.0 
G137-1 JS 

2.0 

G138-1 , 
G139-1 0.4 
G140-1 0.52 
G141-1 25 
G142-1 See 
G143-1 O.3: 
G144-1 SAO 
G145-1 0.8 
G146-1 B80) 
G147-1 A led 
G148--1 2.0 
Gi49-1 0.25 


237.4 
241.4 


242.9 


246.9 


247.4 


247.8 


250.4 


ZO 


265.5 


261.5 


2025 


265.7 


266.9 


268.9 


2692 


Same as G136-1. 


Sandstone, fine (vf-m) grained; poor sorting; 
subangular (a-sr) clasts; 0% carbonaceous 
material; green grey, weathering green grey; 
resistant; gradational lower contact. 


Claystone; well sorted; medium grey, weathering 
dark grey; recessive. 


Covered. 


Sandstone, fine (vf-f) grained; moderate sorting; 
subangular (sa-sr) clasts; 0% carbonaceous 
material; moderately resistant. 


Claystone; well sorted; medium grey, weathering 
grey; recessive; sharp lower contact. 


Sandstone, fine (vf-f) grained; moderate sorting; 
subangular (sa-sr) clasts; thin bedded; green 
grey, weathering grey; moderately resistant; 
sharp lower contact. 


Sandstone, very fine (s-vf) grained; poor sorting; 
subangular (a-sa) clasts; green grey, weathering 
Gark grey; recessive; sharp lower contact. 


Claystone; c-s; moderate sorting; mottled red and 
green; recessive; sharp lower contact. 


Siltstone; c-vf; poor sorting; angular (va-sa) 
clasts; 0% carbonaceous material; green grey, 
weathering green grey; recessive; sharp lower 
contact. 


Claystone; c-s; moderate sorting; mottled red and 
green; recessive; sheared lower contact. 


Sandstone, very fine (s-vf) grained; poor sorting; 
subangular (a~sr) clasts; green grey, weathering 
grey; recessive; gradational lower contact. 


laystone; c-s; moderate sorting; banded red and 
green; calcareous concretions; recessive; sheared 
lower contact. 


Siltstone; c-vf; poor sorting; calcareous concre- 
tions; green grey, weathering grey; recessive; 
gradational lower contact. 


Claystone; c-s; moderate sorting; calcareous 
concretions; mottled red and green; recessive. 


Sandstone, fine (c-m) grained; poor sorting; 
subangular (a-sr) clasts; 0% carbonaceous material; 


green grey, weathering green grey; recessive; 
sharp lower contact. 
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Thick- 
Sample ness 
Number (metres) 
G150-1 2 aa 
Gi5l-1 Oecd 
10 
Miay-y 0:9 
0.3 
M116-1 ORG 
0.6 
M115-1 0.45 
320 
M114-1 aS 
1.9 
M113-1 1 lea 
M112-1 0.55 
Ml111-1 F 
3.0 
M110-1 - 
M109-1 A 
M108-1 0.9 


Position 
(metres 
from base) 
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A-15 


Description 


Claystone; c-s; moderate sorting; calcareous 
concretions; mottled and banded red and green; 
moderately resistant; gradational lower contact. 


Claystone; c-s; moderate sorting; green grey, 
weathering grey; moderately resistant; gradational 
lower contact. 


Top of the section on Gladstone Creek. Section 


291.5 


292.4 


293.0 


297.6 


300.6 


340.7 


306.7 


SMabegk 


continues on Mill Creek 


Covered 


Claystone; c-s; well sorted; dark green grey, 
weathering grey; recessive. 


Covered. 


Siltstone; c-s; moderate sorting; dark green grey, 
weathering grey; recessive. 


Covered. 


Sandstone, fine (vf-m) grained; moderate sorting; 
angular (a-sa) clasts; 0% carbonaceous material; 
green grey, weathering dark green; moderately 
resistant. 


Covered. 


Sandstone, very fine (s-vf£) grained; poor sorting; 
angular (a-sa) clasts; 0% carbonaceous material; 
green grey, weathering grey; moderately resistant. 


Covered. 


Claystone; c-s; moderate sorting; dark green grey, 
weathering grey; moderately resistant. 


Claystone; well sorted; mottled red and green; 
moderately resistant; sharp lower contact. 


Covered. 


Sandstone, fine (vf-m) grained; moderate sorting; 
subangular (a~sr) clasts; 0% carbonaceous material; 
green grey, weathering green grey; resistant. 


Covered. 


Siltstone; c-s; moderate sorting; angular (va-sa) 
clasts; olive grey, weathering green; moderately 
resistant. 


Covered. 

Claystone; well sorted; dark green grey, weathering 
green; recessive. 

Sandstone, medium (f-m) grained; moderate sorting; 
subrounded (sa-sr) clasts; 0% carbonaceous material; 
green grey, weathering green grey; resistant; 

sharp lower contact. 
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Thick- Position 
Sample ness (metres 
Number (metres) from base) 
M107-1 0.28 SUG. 3 
M1 66-1 IB) SHEA S) 
M105-1 BRAKE! Salieieal 
M104-1 0.7 319.8 
M103-~-1 2.0 3257 
M102-1 1.65 B2one 
Mi01-1 eS B24 7 
M100-1 0.7 S253 

10.0 
M99-] 2.4 Sorc 
M98-1) * 346.5 
M97-1 4.53 350.8 
M96-1 OFS S5URe 
M95-1 0.25 351.2 
M94-]) 2.0 BIS 
M93-]. LoS a5 ae 


A 


A-16 


Description 


Claystone; well sorted; dark green grey, 
weathering grey; recessive; sharp lower contact. 


Sandstone, very fine (s-vf) grained; poor sorting; 
angular (a-sa) clasts; 0% carbonaceous material; 
Olive grey, weathering grey; moderately resistant; 
gradational lower contact. 


Claystone; well sorted; dark green grey, 
weathering grey; recessive; gradational lower 
contact. 


Sandstone, fine (s-f) grained; moderate sorting; 
angular (a-sr) clasts; rare plant remains; 0% 
carbonaceous material; green grey, weathering 
grey; resistant; sharp lower contact. 


Sandstone, very fine (s-vf) grained; moderate 
sorting; 3% carbonaceous material; green grey, 
weathering brown grey; recessive; shard lower 
contact. 


Claystone; c-s; moderate sorting; siltstone in 
places (M102-2); dark green grey, weathering grey; 
recessive; sharp lower contact. 


Sandstone, very fine (c-vf) grained; poor sorting; 
angular (va-sa) clasts; 0% carbonaceous material; 
dark green grey, weathering grey; moderately 
resistant; sharp lower contact. 


Sandstone, very fine (vf-m) grained; poor sorting; 
subangular (sa-sr) clasts; 0% carbonaceous material; 
green grey, weathering green grey; resistant; 

sharp lower contact. ; 


Covered. 


Sandstone, medium (f-m) grained; poor sorting; 
angular (a-~sa) clasts; 0% carbonaceous material; 


green grey, weathering green grey; resistant. 


Covered. 


Siltstone; c-vf; poor sorting; green grey, 
weathering grey; recessive. 

Claystone; c-s; well sorted; green grey, weathering 
grey; recessive; gradational lower contact. 


Claystone; well sorted; bioturbated; olive grey, 
weathering grey; resistant; sharp lower contact. 


Same as M96-1l. 


Siltstone; c-s; moderate sorting; 3% carbonaceous 
material; green grey, weathering grey; resistant; 
sharp lower contact. 

Claystone; c-s; well sorted; green grey, weathering 
grey; moderately resistant; gradational lower 
contact. 
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Position 
(metres 
from base) 


A-17 


Description 


———————— a es 


Thick- 
Sample ness 
Number (metres) 
M92-1 aie) 
M9)-1 0.58 
MS90-1 beet 
M89-1 0.9 
M88-1 Os 
M87-1 0.6 
M86~1 0.8 
M85-1 1.05 
* M84-1 2.0 
M83-1 0.66 
M82-1 Ones 
M81-1 On2s 
M80-1 B58 
120 
M79-1 Wee 


355.6 


356.2 


SSeS 


358.2 


385.5 


SOC aS 


S005 9 


360.9 


362.9 


363.6 


369.3 


372.0 


Siltstone; c-s; moderate sorting; 0% carbonaceous 
material; green grey, weathering grey; recessive; 
sharp lower contact. 


Sandstone, fine (vf-m) grained; poor -sorting; 
subangular (sa~sr) clasts; 0% carbonaceous 
material; green grey, weathering dark green; 
moderately resistant; sharp lower contact. 


Claystone; well sorted; dark green grey, 
weathering green grey; recessive; sharp lower 
contact. 


Sandstone, fine (vf-f) grained; poor sorting; 
subrounded (sa-sr) clasts; 0% carbonaceous 
material; resistant; sharp lower contact. 


Claystone; well sorted; green, weathering green 
grey; recessive; sharp lower contact. 


Siltstone; c-s; moderate sorting; laminated; dark 


green grey, weathering dark green; resistant; 


sharp lower contact. 


Claystone; c-s; moderate sorting; yellow green, 
weathering light green; moderately resistant; 
sharp lower contact. 

Siltstone; c-s; poor sorting; thin bedded; bio- 
turbated; olive grey, weathering grey; recessive; 
sharp lower contact. 


Claystone; c-s; moderate sorting; yellow green, 
weathering green; recessive; sharp lower contact. 


Limestone, very fine grained; abundant broken 
invertebrate fossils; medium grey, weathering 

grey; moderately resistant; gradational lower 
contact. ; 

Limestone; aphonitic; rare invertebrate fossils; 
fissile; medium grey, weathering grey; recessive; 
sharp lower contact. 

Limestone; very fine grained; invertebrate fossils; 


medium grey, weathering grey; 2% carbonaceous 
material; recessive; sharp lower contact. 


Claystone; c-s; moderate sorting; yellow green, 
weathering light green; recessive; sharp lower 
contact. 


Covered. 


Siltstone; c-s; moderate sorting; Olive grey, 
weathering green grey; moderately resistant; 
sharp lower contact. 


Top of the Beaver Mines Formation 


Total thickness of formation is 298 metres 
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-Sample 


M78-1 


M77~2 


M73-1 


M72-1 


M71-1 


M70~-4 


M70-3 
M70-2 
M70-1 
M69-5 


M69-4 
M63-3 


Thick- 


ness 


3.6 


1.45 


Position 
(metres 

Number (metres) from base) 
oer nn EC 


37550 


377.6 


379.6 
380.5 


383.3 


383.8 


384.1 


384.9 


385.9 


387.3 


389.3 
391.3 
SisG 5) 
354.8 


396.8 
399.8 


A-18 


Description 


Gladstone Formation 


Sandstone, very fine (s-vf) grained; poor sorting; 
subangular (a-sa) clasts; 8% carbonaceous material; 
invertebrate fossils (eroded from Beaver Mines?) ; 


_ green grey, weathering grey; recessive; sharp 


lower contact. 


Sandstone, fine (vf-m) grained; moderate sorting; 
angular (va-sr) clasts; 2% carbonaceous material; 
light olive grey, weathering buff; resistant; 
sharp lower contact. 


Same as M77-2. 


Sandstone, fine (vf-f) grained; moderate sorting; 
angular (a-sa) clasts; 12% carbonaceous material; 
medium grey, weathering grey; recessive; sharp 
lower contact. 


Covered. 


Claystone; well sorted; papery; medium grey, 
weathering grey; recessive. 


Siltstone; moderate sorting; angular (va-sa) ciasts; 
12% carbonaceous material; medium grey, weathering 
grey; moderately resistant; sharp lower contact. 


Claystone; moderate sorting; medium grey, weathering 
grey; recessive; papery; sharp lower contact. 


Siltstone; c-vf; moderate sorting; angular (va-sa) 
clasts; bioturbated; 15% carbonaceous material; 
medium grey, weathering grey; recessive; grada- 
tional lower contact. 


Sandstone, medium (f-crs) grained; moderate 
sorting; subrounded (sa-sr) clasts; medium light 
grey, weathering grey; moderately resistant; sharp 
lower contact. : 

Sandstone, very fine (s-vf) grained; moderate 
sorting; 8% carbonaceous material; bioturbated; 
ripple marks; medium grey, weathering brown grey; 
moderately resistant. 


Same as M70-4. 
Same as M70-4. . 
Same as M70-4; sharp lower contact. 


Sandstone, medium (f-m) grained; moderate sorting; 
subangular clasts; large scale trough cross-beds; 
0% carbonaceous material; medium grey, weathering 
grey; resistant; sharp lower contact. 


Same as M69-5. 

Sandstone, medium (vf-m) grained; moderate sorting; 
subrounded (sa-sr) clasts; large trough cross~beds; 
3% carbonaceous material; light olive grey, 
weathering grey; resistant; gradational lower 
contact. 
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A-19 
Thick- Position 
Sample ness (metres 
Number (metres) from base) Description 
(pte te Sa a ee eee re ee 
M69-2 2.0 401.8 Sandstone, medium (f-m) grained; well sorted; 
subangular (a-sr) clasts; 5% carbonaceous material; 
large trough cross-beds; light olive grey, 
weathering grey; resistant; gradational lower 
contact. 


M69-1 Z2a0 403.8 Same as M69-2. 


M68-3 Ons 403.9 Sandstone, very fine (s-vf) grained; moderate 
sorting; subangular (sa-sr) clasts; 12% carbonaceous 
material; asymmetrical ripple marks; occasional 
plant remains; medium grey, weathering grey; 
resistant; sharp lower contact. 


M68-2 eS 405.9 Sandstone, fine (vf-f) grained; well sorted; 
subangular (sa-sr) clasts; 5% carbonaceous 
material; asymmetrical ripple marks; occasional 
plant remains; medium grey, weathering grey; 
resistant; gradational lower contact. 


M68-1] 2.0 407.8 Same as M68~-2. 


M67-1 2.0 408.8 Sandstone, medium (f-crs) grained; well sorted; 
subangular (a-sa) clasts; 0% carbonaceous 
material; large cross-beds; light olive grey, 
weathering grey; resistant; sharp lower contact. 


M66-4 2a 409.8 Same as M67-1. 


M66-3 AKG) 411.8 Sandstone, fine (f-m) grained; well sorted; 
subangular (a-sr) clasts; 3% carbonaceous 
material; large cross-beds; light olive grey, 
weathering grey; resistant; gradational lower 
contact. 


M66-2 ees) 40553 Same as M66-3. 
M66-1 On5 417.8 Same as M66-3. 


M65-1 2.0 419.8 Sandstone, fine (vf-m) grained; moderate sorting; 
subangular (a-sr) clasts; 1% carbonaceous 
material; medium grey, weathering grey; resistant; 
gradational lower contact. 


M64-] 30 422.8 Siltstone; moderate sorting; angular (va-sa) 
; clasts; 5% carbonaceous material; green grey, 
weathering brown green; moderately resistant; 
sharp lower contact. 


Samples M63-1 to M57-1 inclusively not used. 
Portion of section repeated by minor faulting. 


MS6-1 0.3 423.1 Sandstone, fine (vf-m) grained; poor sorting; 
subangular (a-sr) clasts; 0% carbonaceous 


material; dark green grey, weathering green grey; 
recessive;,sharp lower contact. 

M55-1 073 423.4 Siltstone; c-f; poor sorting; green grey, 
weathering green; recessive; gradational lower 
contact. 


desta ilaninns miles prem tee soa or ; 
| De ROM.” Hh wre rah mae mo rag iso 

eh bie eo Rhrencmngetne ee. Ce lg) 
yale | phadibor dart, Libis 9 

sionek Leno tebpng, eens 


eer res tly Ane E ion bp, (iat oie ; 
Famine ba eS 3 2s = Tage cs) Stee 
Levi deesho  tebeaem meet Og onl eta, wi 
UYACk ee hae eee an a sath ae 3 

es etKe> abiyh | 4 ¢- f ba yas 


Oaks faevel fi Caw “hit sy te 
a oss Diab 8z, eo ae 
Ls TOLRs 300) i ABO, < vi tteEhe tiis cra 

ae MBH te er lal mt Vase no het 


(oudtor Stow, ste weed (aretha 
“ya er eee Ge OB ret Cae pW 
; py hp Ley nh at ; Mie a eae yon" sail 

Lyamivies tert arene id bss . Fear vy | 


v 
rc ‘ 


; te SIAM At det a 

2 yw ya ea ibe ae 
co vif BU ot SBT 
Sew ate £s)re lbs be ap 


A iY f “ vw , q 
cpeets wie: “sie Bir (Puree , 

& Suhel esata s ee | “with 
2s Fes Sp) ie pits ii } 
ic Bee i 
aan oy SiS 
Paige is oat abi. ae 


H # 


Thick- 
Sample ness 
Number 
M54-1 2.2 
M53-1 0.08 
M52-1 1.65 
M51-1 So SXO) 
M50~1 Us 
M49-} WoO} 
M48-1 0.52 
M47-1] SAU 
M46-] 0.63 
M45-1 OE Si 
M44-1 0.8 
M43-1 al ay, 
M41-1 0.72 
M40-1 3.6 


Position 
(metres 
(metres) from base) 


425.6 


425.7 


427.3 


430.6 


432.1 


433.1 
433.6 


434.9 


435.5 


435.8 


436.6 


438.2 


442.6 


A-20 


Description 
a ae ae a ee i a ee nrtorieieren sheeee ieee 
Sandstone, fine (vf-f) grained; poor sorting; 
subangular (sa-sr) clasts; 0% carbonaceous 
Material; large trough cross-beds; medium grey, 
weathering green grey; resistant; sharp lower 
contact. : 


Claystone; well sorted; occasional plant remains; 
dark grey, rusty weathering; recessive; sharp 
lower contact. 


Sandstone, fine (vf-m) grained; moderate sorting; 
angular (va-sa) clasts; 2% carbonaceous material; 
cross-beds; medium grey, weathering grey; 
resistant; sharp lower contact. 


Sandstone, very fine (s-f) grained; moderate 
sorting; subangular (a-sr) clasts; 1% carbonaceous 
material; thin bedded; green grey, weathering 
green; recessive; sharp lower contact. 


Claystone; well sorted; 1% carbonaceous material; 
dark grey, weathering grey; recessive; gradational 
lower: contact. 


Same as M50-1. 
Sandstone, very fine (s~vf) grained; well sorted; 
angular (a-sa) clasts; 15% carbonaceous material; 
cross-beds; medium grey, weathering grey; resistant; 
sharp lower contact. 


Claystone; well sorted; calcareous concretions; 
medium grey, weathering grey; recessive; sharp 
lower contact. 

Sandstone, very fine (s-vf) grained; poor sorting; 
subangular (sa~sr) clasts; 10% carbonaceous 
Material; medium dark grey, weathering grey; 
resistant; sharp lower contact. 


Claystone; well sorted; dark grey, weathering 
grey; recessive; sharp lower contact. 


Claystone; moderate sorting; medium grey, 
weathering corey; moderately resistant; sharp 
lower contact. 

Sandstone, fine (vf-m) grained; subangular (a-sr) 
clasts; 1% carbonaceous material; medium grey, 
weathering brown grey; moderately resistant; 
sharp lower contact. 


No Unit M42-1. 


Claystone; well sorted; thinly bedded; medium 
grey, weathering grey; moderately resistant; 


sharp lower contact. 


Sandstone, very fine (vf-£) grained; poor sorting; 
subangular (a-sa) clasts; perhaps tuffaceous in 
part; medium grey, weathering grey; resistant; 
sharp lower contact. 
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Position 
(metres 
from base) 


A-21 


Description 


At ER SS SS ee bhenersmeiounenssemonensssicsaneres mus 


Thick- 

Sample ness 
Number (metres) 
M39-1 0.85 
M38-1 0322 
M37-1 0.6 
M36-1 ae ealall 
M35-1 127 
M34-1 hes 
M33-1 6.2 
M32-1 0.18 
M31-1 2.1 
M30-1 So. 3 
M29-1 LO 
M28-1 320 
M27~1 9.0 
M26-1 Abate! 
M25-1 Syn 
M24-1 526 
M23-1 14.0 

1.5 


M22-1 


443.5 
443.7 
444.3 


445.4 


447.1 


448.4 


454.6 
454.8 
456.9 


460.2 


461.2 


464.2 


473.2 
474.6 


478.1 


483.7 


497.7 


499.2 


Volcanic tuff; dark grey; very fine grained; 
sharp lower contact. 


Claystone; no samole; green; recessive; sharp 
lower contact. . 


Sandstone, very fine grained; no sample; dark 
grey; resistant; gradational lower contact. 


Claystone; well sorted; dark grey, weathering 
grey; splintery; recessive; gradational lowe 
contact. : 


Sandstone, fine (vf-m) grained; poor sorting; 
subangular (sa-sr) clasts; medium grey, weathering 
grey; resistant; sharp lower contact with local 
channeling. 


Siltstone; c-vf; moderate sorting; angular (va-sa) 
clasts; thin bedded; medium grey, weathering grey; 
resistant; sharp lower contact. 


Sequence of sandstone, claystone, and tuff; 
inaccessible. 


Claystone; no sample; pale green; recessive; 
sharp lower contact. 

Siltstone; no sample; dark grey; recessive; 
sharp lower contact. 

Sandstone, very fine (s-f) grained; moderate 
sorting; subangular (a-sa) clasts; 0% carbonaceous 
material; thin bedded; medium grey, weathering 
grey; resistant. 

Siltstone; no sample; dark green; recessive; 
sharp lower contact. 

Claystone; well sorted; mottled red and green; 
recessive. 


Base of Crowsnest Member 


Tuff, fine grained; dark grey to maroon; resistant; 
sharp lower contact. 

Claystone; dark grey; hackly; moderately resistant; 
sharp lower contact. 

Tuffaceous claystone and very fine grained tuff; 
@ark grey; occasional plant remains; recessive; 
sharp lower contact. 


Sandstone or tuff, very fine grained; dark green, 
weathering green grey; faulted lower contacted. 


Siltstone, tuffaceous; plant remains 6 metres 
above base; grey to green; moderately resistant; 
sharp lower contact. 

Tuff; fedlspathic, fine grained; sharp lower 
contact. 
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A-22 
chick= Position 

Sample ness (metres 

Number (metres) from base) Description 

a a ee 

8.0 _ Covered. 

M21-1 aS 50985 Tuff, very fine grained; medium green; moderately 
resistant. 

M20-1 1.42 510.9 Siltstone, tuffaceous; grey; moderately resistant; 

sharp lower contact. : 

M19-1 0.45 yal ae! Tuff, coarse grained; lithic; feldspathic; dark 
green; resistant; sharp lower contact. 

M18-1 » Ae! SL6G. 1 Siltstone; grey; moderately resistant; sharp 

- lower contact. 

M17-1. Zee 518.9 Siltstone; mottled red and green; recessive; 
sharp lower contact. 

M16-1 aS 520.2 Siltstone; grey; sharp lower contact. 

M15-1 0.9 S21 Siltstone, tuffaceous; green; recessive; sharp 

H lower contact. 

M14~1 Ont S22: Claystone, tuffaceous; red and green; recessive; 

sharp lower contact. 

M13-1 8.0 5301. Tuffs to pebble-sized agglomerates; feldspathic; 
green; crudely bedded; minor faulting; moderately 
resistant; sharp lower contact. 

6.0 Covered. 
Mi2-1 ie wi 537.8 Tuff; green; feldspathic. 
10.0 Covered. 
'ML1-1 0.6 548.4 Tuff; feldspathic; pale green; moderately resistant. 

M10-1 0.7 549.1 Tuff, medium grained; crystalline; dark green; 
moderately resistant; sharp lower contact. 

M9-1 On4 549.8 Claystone, tuffaceous; pale green; recessive; 
sharp lower contact. : 

M8-1 24.0 573.48 Tuff; feldspathic; lithic; volcanic bomb; pale 
green; moderately resistant; sharp lower contact. 

Wie dune! 574.8 Claystone; black, rusty weathering; moderately 
resistant; sharp lower contact. 

M6-1 Sierl! 578.5 Tuff; very fine grained to pebble agglomerate; 
feldspathic; green; sharp lower contact. 

M5~-1 SD 581.9 Siltstone, tuffaceous; recessive; sharp lower 
contact. 

M4-] Poss 583.5 Claystone; pale green; recessive; sharp lower 

contact. 

M3-1 1.2 584.7 Agglomerate; green; moderately resistant; sharp 


lower contact. 
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A-23 
Thick= Position 
Sample ness (metres 
Number (metres) from base) Description 
M2-1 1.8 586.5 Tuff, feldspathic; thin bedded; small cross-beds 
at base; resistant; gradational lower contact. 


Zed Covered. 


Top of Mill Creek Formation 


Total thickness of formation is 215 metres 


Total thickness of Blairmore Group is 290 metres 


Blackstone Formation 


Highly contorted and splintered black shales 
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A-24 
SHEEP RIVER MEASURED SECTION 
Kootenay Formation 
Interbedded qisresoss sandstone carbonaceous shales 


Gladstone Formation 


Thick- Position 

Sample ness (metres 

Number (metres) from base) Description 

ee ees FE ee ee ee 

Sis) Led 0.6 Conglomerate; pebble (2.25cm); moderate sorting; 
subrounded (sa~sr) clasts; 20% dark minerals, ~ 
3% carbonaceous material; rare plant remains; 
brown, weathering rusty; fines upward; resistant; 
erosional lower contact. 


$2-1 Ons aL D2, Sandstone, medium (f-cr) grained; well sorted; 
subangular (sa-sr) clasts; 25% dark minerals, 7% 
carbonaceous material; grey brown, weathering 
grey; resistant; sharp lower contact. 


$3-1 Vez PANS Conglomerate, pebble (2cm); poor sorting; rounded 
(sa-r) clasts; 40% dark minerals, 8% carbonaceous 
material; medium grey, weathering grey; resistant; 
sharp lower contact. 


84-1 0.9 3.4 Conglomerate, pebble (lcm); well sorted; rounded 
(sa~r) clasts; 40% dark minerals, 10% carbonaceous 
material; medium grey, weathering grey; resistant; 
gradational lower contact. 


Skye”! 0.8 4.4 Conglomerate, pebble (0.5cm); moderate sorting; 
subrounded (sa-r) clasts; 40% dark minerals, 10% 
carbonaceous material; medium grey, weathering 
brown; resistant; sharp lower contact. 


S6-1 0.85 Se3 Sandstone; medium (f-cr) grained; well sorted; 
subangular (a-sr) clasts; 30% dark minerals, 
8% carbonaceous material; lcm laminations; pebbly 
lenses; dark grey, weathering grey; resistant; 
erosional lower contact. 


S7-1 0.3 5.6° Sandstone, very fine (s-f) grained; moderate 
sorting; subrounded (sa-sr) clasts; 10% dark 
minerals, 5% carbonaceous material; dark grey, 
weathering grey; moderately resistant; sharp 


lower contact. 
$8-1 ORS Grrl: Siltstone, (c-s); moderate sorting; abundant 
plant remains; moderately resistant; gradational 
. lower contact. 


S9-] 1.0 Tak Siltstone, (c-vf); moderate sorting; 0% carbonaceous 
material; dark grey, weathering grey; recessive; 
gradational lower contact. 


$10-1 0.7 eV Sandstone, very fine (c-f) grained; poor sorting; 
3% carbonaceous material; mud clasts; dark grey, 
weathering grey; resistant; sharp lower contact. 
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Thick- Position ao 
Sample ness - (metres 
Number (metres) from base) Description 
SS 


Sll-1 0.3 S55 Siltstone; c-vf; moderate sorting; subangular 
. (sa-sr) clasts; 5% dark minerals, 2% carbonaceous 
material; medium grey, weathering grey; resistant; 
sharp lower contact. 


$12-1 2.4 AO Claystone; c-s; moderate sorting; 0% carbonaceous 
material; bioturbated; medium grey, weathering 
grey; recessive; sharp lower contact. 


$13-1 1.0 12.0 Sandstone, very fine grained; well sorted; angular 
(a-sr) clasts; 2% dark minerals, 0% carbonaceous 
material; light grey, weathering brown; resistant; 
sharp lower contact. 


§14-1 0.48 ALAA Y) Conglomerate, pebble (1.25cm); well sorted; 
subangular (a-sr) clasts; 20% dark minerals, 83% 
carbonaceous material; medium grey, weathering 
rusty; moderately resistant; sharp lower contact. 


$15-1 1.4 14.0 Siltstone; moderate sorting; 2% dark minerals, 
0% carbonaceous material; light grey, weathering 
grey, resistant; sharp lower contact. 


$16-1 2.7 16.4  Siltstone; c-s; well sorted; C% carbonaceous 
material; medium grey, weathering grey; recessive; 
sharp lower contact. 


$17-1 2.0 16.85 Sandstone, fine (vf-f£) grained; well sorted; 
subrounded (sa-sr) clasts; 15% dark minerals, 
5% carbonaceous material; smali tangential cross- 
beds; occasional plant remains; light grey, 
weathering grey; resistant; sharp lower contact. 


$17-2 bets 18.85 Sandstone, fine (vf-f) grained; well sorted; 
subrounded (sa-sr) clasts; 4% dark minerals, 
1% carbonaceous material, light grey; weathering 
grey; resistant; gradational lower contact. 


$18-1 a Pes) Claystone; c-s; moderate sorting; 0% carbonaceous 
material; algal balls; medium grey, weathering 
grey; recessive; sharp lower contact. 


$19-1 TO + 22.6 Sandstone, very fine grained; well sorted; sub- 
angular (a-sa) clasts; 1% dark minerals, 1% 
carbonaceous material; light grey, weathering 
grey; resistant; sharp lower contact. 


$20-1 Ot 2303 Sandstone, very fine (s-vf); well sorted; sub- 
angular (sa-sr) clasts; 2% dark minerals, 0% 
carbonaceous material; small tangential cross- 
beds; medium grey, weathering grey; moderately 
resistant; sharp lower contact. 


$21-1 WG 23.9 Siltstone; c-vf; moderate sorting; subrounded 
(sa-sr) clasts; 0% carbonaceous material; bio- 
turbated; medium grey, weathering grey; resistant; 
sharp lower contact. 


Sandstone, very fine (s-f) grained; poor sorting; 
subangular (a-sr) clasts; 2% dark minerals, 0% 
carbonaceous material; medium grey, weathering 
grey; resistant; sharp lower contact. 


$22-1 0.2 24.0 


192 


Pp ye ine 
ve Y i 
vy: ae ’ al, 
: : : ' A : 
i : ian ine 4! 
; ” ie ; | Ta vin y 
a oe Ab Te of 
H any 
> “a iu | a 
i a ! a Avi} 
y 
' ie r 
_ t ry Pid! 
i . i’ 
y i 
yy tA 2 i 
aD 


rata 
| lil ane gc ce Pan ee Soe em i aCe ORIG, : 

26) weedeat tant 3e at eae yb : 
eoononinedigts €F .oleieaus® SAP weve 
Likisaknaest syarh pa ohare vine .*, Esti 

po bs Joma awe 
swas>atottas 48 lpr Pra, «squish 1a Ue rangeyd aye 
oytioicesy ~wrap mien «Pods usc ¢ i 
TAM “Hou: SET ining re 

The TS tier au be were, ‘ ' 
Peary TS Bis! > ea Roeel ii iaenhy ea" 
ionteeeet siete pith inhee,.. 4 


Tews 2 Resi’ 4 (ves ety he 
& BS Leh it ieee , ib et 7s 7. 
56EN yt. ie Ap oo OMA Sut 


re : q ' i" —- , 
nice ae Pe wi WO) Ane tlle de eae 


Vehess an LW, Aare bet MTs oi) ei 


pies jaat:? BW wig ia Hens r | Dek Why 
Lia hee ¢ Tye d 
50 eee moe A. uae || eA: os 
oviiaeubes” Meee ale de ae 


> Res shin hits un 4 ones ‘by oat predteh 
Veber citin skek wat) veldal’n ‘ a sO 
Case Te doag ra PL bane, ft ina dere as ba es ee 
oe 9 LA: ohne err Vira dss eed eal 
Me: pnt thy Fet tip Sk, an Asta 
ne3 oe Soe ae bho sted ony) | ; 
MR Ses vou" Apa) ab.) 


bad FAH Toh hy ky, * ht 


agen Laie iobewe) Sfirnydake 


- [ a 
ie tt Nee neg’ "yo isa Sqek pha 
ry, eo 2A Sy PAA ii con) : 
tne dato eg 


emf f)t 


z ‘thoes: gk #f hover 5 J 

PURELY pee ie. acai ie Abas 
sTanhis(ys aeeliah hehe a) 

“ahlin lod Lt, ppvaet ane ar 
3. 2h @Gryini t. ghia dg 5 
Rabi chine Lakseseageds {¢ 
rn ty, Sr inhSp 
. “Aaaqons + 


Thick- 
Sample ness 


Number (metres) 


‘Position 
(metres 
from base) 


A=26 


Description 


nS ER erememempmmeemeeee eee 


§23-1 O3S5 
$24-1 2.0 
$25-1 ee 
$26-2 Daeth 
$27-1 0.7 
$28-1 ies 
$29-] 0.3 
$30-1 15 
S31-1 0.6 
S32-2 0.6 
$33-1 O25 
S34-1 0.4 
$35-1 0.45 


24.7 


24.5 


26.1 


Zilae 


28.2 


30.4 


32.5 


Bodh 


33.4 


34.1 


34.6 


35.1 


35.8 


Siltstone; moderate sorting; 3% dark minerals, 
2% carbonaceous material; large tangenial cross- 
beds; light grey, weathering grey; resistant; 
sharp lower contact. 


Claystone, c-s; moderate sorting; 0% carbonaceous 
material; dark grey, weathering grey; recessive; 
sharp lower contact. 

Siltstone; moderate sorting; bioturbated; light 


grey, weathering grey; sharp lower contact; 3% 
dark minerals, 1% carbonaceous material. 


Siltstone; c-vf; poor sorting; 1% dark minerals, 


-0% carbonaceous material; bioturbated; light grey, 


weathering grey; resistant; sharp lower contact. 


Siltstone; moderate sorting; 0% dark minerals, 
% carbonaceous material; light grey, weathering 
gxey; resistant; gradational lower contact. 


Siltstone, c-vf; poor sorting; 0% dark minerals, 
0% carbonaceous material; medium grey, weathering 
grey; recessive; sharp lower contact. 


Siltstone, c-vf; poor sorting; 1% carbonaceous 
material; medium grey, weathering grey; moderatly 
resistant; sharp lower contact. 


Claystone; c-s; moderate sorting; 2% carbonaceous 
material; dark grey, weathering grey; moderately 
resistant; sharp lower contact. 


Siltstone; moderate sorting; 2% dark minerals, 
0% carbonaceous material; asymmetrical ripples; 
light grey, weathering grey; resistant; sharp 
lower contact. 


Sandstone, very fine (c-vf) grained; subangular 
(a-sr) clasts; poor sorting; 5% dark minerals, 

2% carbonaceous material; medium grey, weathering 
grey; moderately resistant; gradational lower 


contact. 

Claystone; c-s; well sorted; 0% dark Minerals, 0% 
carbonaceous material; light grey, weathering grey; 
recessive; sharp lower contact. 


Siltstone; c-vf; poor sorting; 1% dark minerals, 
1% carbonaceous material; light grey, weathering 
grey; moderately resistant; sharp lower contact. 


Claystone; c-S; poor sorting; 4% dark minerals, 4% 
carbonaceous material; 2ma lamination; bioturbated; 
medium grey, weathering grey; recessive; sharp 
lower contact. 

Siltstone; moderate sorting; 0% dark minerals, 0% 


carbonaceous material; light grey, weathering 
grey; sharp lower contact; resistant. 
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A-27 


Description 


Siltstone; c-s; moderate sorting; angular clasts; 
5% dark minerals, 1% carbonaceous material; 
medium grey, weathering grey; recessive; sharp 


Siltstone, c-s; moderate sorting; bioturbated; 
light grey, weathering grey; resistant; sharp 


Sandstone; very fine (c-vf) grained; angular 
(va-sa) clasts; poor sorting; 3% dark minerals, 
0% carbonaceous material; medium grey, weathering 
grey; recessive; sharp lower contact. 


Sandstone, very fine (c-vf) grained; subangular 
(a-sa) clasts; poor sorting; 5% dark minerals, 

2% carbonaceous material; medium grey, weathering 
grey; resistant; sharp lower contact. 


Claystone, c-s; poor sorting; mud clasts; medium 
grey, weathering grey; recessive; sharp lower 


Sandstone, fine (s-f) grained; poor sorting; 
subangular (a-sr) clasts; 15% dark minerals, 0% 
carbonaceous material; mud clasts; occasional 
plant remains; medium grey, weathering grey; 
moderately resistant; sharp lower contact. 


Claystone; well sorted; 0% dark minerals, 0% 
carbonaceous material; bioturbated; light grey, 
weathering grey; moderately resistant; sharp 


Siltstone, c-s; moderate sorting; light grey, 
weathering grey; resistant; sharp lower contact. 


Claystone; well sorted; occasional plant remains; 
medium grey, weathering grey; recessive; sharp 


Sandstone, fine (s-f) grained; poor sorting; 
angular (a-sa) clasts; 12% dark minerals, 6% 
carbonaceous material; occasional plant remains; 
medium grey, weathering grey; resistant; sharp 


Sandstone, medium (vf-m) grained; poor sorting; 
angular (va-sa) clasts; 20% dark minerals, 3% 
carbonaceous material; medium grey, weathering 
grey; resistant; gradational lower contact. 


Claystone; well sorted; 0% carbonaceous material; 
medium grey, weathering grey; recessive; sharp 


Siltstone, c-s; poor sorting; medium grey, 
weathering grey; recessive; sharp lower contact. 


Claystone; moderate sorting; occasional plant 
remains; medium grey, weathering grey; recessive; 


sharp lower contact. 


; Thick-. Position 

Sample ness (metres 
‘Number (metres) from base) 
S36-1 OnZ5 S6ou 

lower contact. 
$37~1 0.5 36.4 

lower contact. 
S38-1 0.25 36.9 
$39-1 O53 F/ Aa: 
S40-1 0.4 SilieS 

contact. 
S41-1 0.4 38.0 
$42-1 eS UES: 39.5 

lower contact. 
$43-1 0.6 40.2 
844-1 FOlsek: 40.5 

lower contact. 
S45-1 0.4 40.8 

lower contact. 
846-1 0.2 47.2 
S47-] On? Ae bs 

lower contact. 
S48-] 0.4 42.1 
S49-] 0.4 A270 
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Thick- 
Sample ness 
Number (metres) 
$50-1 Ons 
$51-1 0.33 
§52-1 0.4 
$53-1 Ons 
$54-1 hes 
$55-1 0.5 
$56-1 (Oe. 
$57-1 0.5 
S58~1 OFS 
$59-1 On 
S60-1 O05 
S61-1 0225 
$62-1 0.22 


Position 
(metres 
from base) 
PLA Sk ce A de Sa te alee tna Secon ean sore dae ee eT 


42.8 


43.2 
43.5 


43:13 


45.1 


45.5 


46.1 


46.5 


46.8 


47.2 
47.6 


48.0 


A-28 


Description 


Siltstone; c-vf; poor sorting; subangular (a-sr) 
clasts; 0% carbonaceous material; medium grey, 
weathering grey; moderately resistant; sharp 
lower contact. 


Claystone; graphitic, sheared, fault; dark grey, 
weathering grey; recessive; sharp lower contact. 


Siltstone, c-s; poor sorting; angular (va-sa) 
clasts; bioturbated; medium grey, weathering grey; 
moderately resistant; sharp lower contact. 


Claystone; well sorted; abundant plant remains; 
dark grey, weathering grey; recessive; sharp lower 
contact. 


Sandstone; very fine (s-vf) grained; moderate 
sorting; subangular (a-sr) clasts; 15% dark 
minerals, 7% carbonaceous material; small cross- 
beds; medium grey, weathering grey; resistant; 
sharp lower contact. 


Siltstone; c-s; poor sorting; subangular (sa~sr) 
clasts; 5% dark minerals, 0% carbonaceous material; 
medium grey, weathering grey; moderately resistant; 
sharp lower contact. 


Sandstone, fine (c-f) grained; angular (a-sr) 
clasts; poor sorting; 5% dark minerals, 13% 
carbonaceous material; mud clasts; medium grey, 
weathering grey; resistant; erosional lower contact. 


Siltstone; well sorted; 1% dark minerals, 0% 
carbonaceous material, medium grey, weathering 
grey; moderately resistant; sharp lower contact. 


Sandstone, very fine (s-f) grained; 6% dark 
minerals, 2% carbonaceous material; 2mm laminations; 
medium grey, weathering brown; resistant; sharp 
lower contact. 


Same as S58-1. 

Siltstone; c-vf; moderate sorting; angular (va-sa) 
clasts; 5% dark minerals, 0% carbonaceous material; 
asymmetrical ripple; brown grey, weathering brown; 
resistant; sharp lower contact. 


Claystone; well sorted; occasional plant remains; 
@ark grey, weathering grey; recessive; sharp lower 
contact. 

Sandstone; very fine (s-vf) grained; angular (va-sa) 
clasts; moderate sorting; 7% dark minerals, 3% 
carbonaceous material; 3mm laminations; asymmetrical 
ripples; medium grey, weathering grey; recessive; 
sharp lower contact. 
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Position 
(metres 
from base) 


A=-29 


Description 


eo ep A a a ee a a re ee 


Thick- 
Sample ness 
Number (metres) 
$63-1 0.78 
864-1 seal 
S65-1 ee 
S66-1 A 5) 
S67-1° Phe 
868-1 Olg2 
S69-1 2) 
$70-1 thal 
$71-1 0.85 
$72-1 0.2 
$73-1 0.6 
$74-1 bay) 
S75-1 0.3 
S76-1 Dees 


49.0 


50.1 


a 


BS} ots! 
Bg 


56.4 
58.5 
59.6 
60.1 


60.6 


OLY 


Sandstone, medium (vf~m) grained; moderate sorting; 
angular (va-sr) clasts; 20% dark minerals, 53 
carbonaceous material; lmm laminations; asymmetrical 
ripples; brown grey, weathering light greys 
resistant; sharp lower contact. 


Sandstone, very fine (c-vf) grained; moderate 
sorting; angular (va-sa) clasts; 3% dark minerals, 
0% carbonaceous material; 2mm laminations; asym- 
metrical ripples; light grey, weathering brown; 
resistant; sharp lower contact. 


Sandstone, medium (s-m) grained; poor sorting; 
subangular (a-sr) clasts; 5% dark minerals, 1% 
carbonaceous material; brown grey, weathering 
grey; resistant; sharp lower contact. 


Claystone, recessive. 


Sandstone, very fine; well sorted; subangular 
(a-r) clasts; 5% dark minerals, 1% carbonaceous 
material; light grey, weathering grey; moderately 


resistant; sharp lower contact. 


Claystone; no sample. 
Sandstone; no sample. 
Shale; no sample. 


Sandstone; fine (vf-f) grained; moderate sorting; 
subangular (sa~sr) clasts; 15% dark minerals, 10% 
carbonaceous material; large trough cross-beds; 
medium grey, weathering grey; resistant; sharp 
lower contact. 


Claystone; well sorted; lmm laminations; dark 
grey, weathering grey; recessive; sharp lower 
contact. 


Siltstone; c-s; moderate sorting; 7% dark minerals, 
2% carbonaceous material; small trough cross~beds; 
medium grey, weathering brown grey; resistant; 
sharp lower contact. 

Sandstone, medium (vf-m) grained; poor sorting; 
subangular (sa-sr) clasts; 10% dark minerals, 2% 
carbonaceous material; small trough cross-beds; 
light grey, weathering brown grey; resistant; 

sharp lower contact. 

Claystone; c-s; moderate sorting; calcareous 
concretions; dark grey, weathering grey; recessive; 
sharp lower contact. 

Siltstone; s-vf; moderate sorting; angular (a-sa) 
clasts; 3% dark minerals, 1% carbonaceous material; 
medium grey, weathering brown; resistant; sharp 
lower contact. 
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Sample 
‘Number 


SA7=1 
$78-1 


$79-1 


S80-1 
$81-1 


882-1 
$83-1 


S84-1 
$85-]. 


S86-1 
$87-1 


S88~-] 
S89-1 


S90-1 


591 = 1 


$92-1 


Thick- 
ness 
_(metres) 


pee 


LA 


0.28 


2.15 


1.4 


0.8 


Position 
(metres 
from base) 


64.0 


65.5 


66.93 


68.2 


68.4 


74.2 


74.9 
TSI5 


Thee 
1665 


PUCE 


79.4 
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Description 


Claystone; c-s; moderate sorting; 1% dark minerals; 
dark grey, weathering grey; recessive; sharp lower 
contact. 


Siltstone; c-s; poor sorting; 1% dark’ minerals, 
0% carbonaceous material; light grey, weathering 
grey; resistant; sharp lower contact. 


Sandstone; medium (f-m) grained; moderate sorting; 
angular (a-sr) clasts; 5% dark minerals, 1% 
carbonaceous material; large trough cross-beds; 
light grey, weathering grey; resistant; sharp 
lower contact. 


Siltstone; c~s; moderate sorting; 2% dark minerals, 
1% carbonaceous material; light grey, weathering 
grey; resistant; gradational lower contact. 


Claystone; c-s; poor sorting; 1% dark minerals, 
1% carbonaceous material; light grey, weathering 
grey; recessive; sharp lower contact. 


Same as S81-1. 


Claystone; c-s; poor sorting; dark grey, weathering 
grey; recessive; sharp lower contact. 


Sandstone, medium (f-m) grained; moderate sorting; 
angular (a-sr) clasts; 10% dark minerals, 43% 
carbonaceous material; medium grey, weathering 
grey; moderately resistant; sharp lower contact. 


Siltstone, c-vf; poor sorting; 3% dark minerals, 
0% carbonaceous material; light grey, weathering 
grey; moderately resistant; sharp lower contact. 


Same as S85-1. 


Claystone; moderate sorting; light grey, weathering 
grey; recessive; sharp lower contact. 


Same as S87-1. 


Claystone, c-S; moderate sorting; rare plant 
remains; dark grey, weathering grey; recessive; 
sharp lower contact. 


Sandstone, very fine (s-vf) grained; well sorted; 
angular (va-sa) clasts; 12% dark Minerals, 2% 
carbonaceous material; light grey, weathering 
brown grey; moderately resistant; sharp lower 
contact. 


Claystone; c-s; moderate sorting; 0% dark minerals, 
0% carbonaceous material; light grey, weathering 
brown grey; recessive; gradational lower contact. 


Siltstone; well sorted; 1% dark minerals, 0% 
carbonaceous material; light grey, weathering 
grey; moderately resistant; sharp lower contact. 
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Thick- 
Sample ness 
Nunber (metres) 
$93-1 2.0 
$94-] 0.25 
$95-] 0.45 
$96-1 0.9 
S97-1 Oss5 
§98~-1 20.8 
0.4 
S99-] 0.65 
$100-1 Gar 
$10]-1 ew 
$102-1 PIAL) 
$103-1 1.8 
$104-1 OR 2 
$i05~-1 0.28 
$106-1 0.68 
$107-1 0.9 
$108-] 0.25 


Position 
(metres 
from base) 
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eS poe 


87.8 


88.8 
89.4 


90.1 


Migs 


93.4 


95.4 


95.8 


97.9 
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Description 


Siltstone; c-s; poor sorting; light grey, 
weathering grey; recessive; sharp lower contact. 


Siltstone; well sorted; light grey, weathering 
brown; recessive; sharp lower contact. 


Same as S94-1. 


Claystone; well sorted; 1% dark minerals, O% 
carbonaceous material; light grey, weathering 
brown; recessive; sharp lower contact. 


Claystone; c-s; poor sorting; dark grey, weathering 
grey; recessive; sharp lower contact. 

Sandstone; very fine (c-vf) grained; moderate 
sorting; subangular (a-sr) clasts; 6% dark minerals, 
2% carbonaceous material; medium grey, weathering 
grey; moderately resistant; sharp lower contact. 


Covered. 


Siltstone; moderate sorting; subangular (a-sr) 


_ Clasts; 3% dark minerals, 1% carbonaceous 


material; light grey, weathering grey; moderately 
resistant; sharp lower contact. 


Claystone; well sorted; occasional plant remains; 
Gark grey, weathering grey; recessive; sharp 
lower contact. 


Siltstone; well sorted; subrounded (sa-sr) clasts; 
2% dark minerals, 9% carbonaceous material; light 
grey, weathering grey; moderately resistant; 
sharp lower contact. 


Claystone; well sorted; light grey, weathering 
grey; recessive; sharp lower contact. 


Siltstone; c-s; poor sorting; 1% dark minerals, 
0% carbonaceous material; medium grey, weathering 
grey; recessive; sharp lower contact. 


Sandstone, very fine (c-vf) grained; poor sorting; 
53 dark minerals, 2% carbonaceous material; small 
cross-beds; light grey, weathering grey; resistant; 
sharp lower contact. 


Same as S104-1. 


Siltstone; c-vf; poor sorting; 1% dark minerals, 
O% carbonaceous material; 2mm laminations; bio- 

turbated; dark grey, weathering grey; moderately 
resistant; sharp lower contact. 


Siltstone; well sorted; angular (va-sa) clasts; 
3% @ark minerals, 1% carbonaceous material; 
calcareous concretions; brown, weathering grey; 
resistant; sharp lower contact. 


Sandstone, very fine (c-vf) grained; poor sorting; 
angular (va-sa) clasts; 7% dark minerals, 2% car- 
bonaceous material; light grey, weathering grey; 
recessive; sharp lower contact. 
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Thick- 
Sample ness 
Number (Inetres) 
$109-1 0.4 
1.4 
$110-1 0.7 
$111-1 0.7 
$112-1 0.3 
neni 3-2 0.7 
$114-~1 0.4 
S115-1 1S} 
DO 
$116-1 DSS 
$117-1 0.85 
$118-1 0.25 
$119-] 0.7 
§120-1 tiga 
$121-1 OFS 
$122-1 2 
10 
$123-] 0:2 
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NOD eal: 


102.4 


103.5 
105.8 
106.8 


L075 


108.1 
108.8 


109.5 


pl 6 Dp 


Wath 4 
Malas 


112.4 
112.6 
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Claystone; well sorted; green grey, weathering 
grey; recessive; gradational lower contact. 


Covered. 


Sandstone, very fine (c-vf) grained; moderate 
sorting; subangular (sa-sr) clasts; 33 dark 
minerals, 0% carbonaceous material; medium grey, 
weathering grey; moderately resistant; sharp 
lower contact. 


Siltstone, c-vf; moderate sorting; 1% dark minerals, 
0% carbonaceous material; medium grey, weathering 
grey; moderately resistant; sharp lower contact. 


Claystone; well sorted; green grey, weathering 
grey; recessive; gradational lower contact. 


Claystone, c-s; well sorted; medium grey, weathering 
grey; Bcessive; gradational lower contact. 


Siltstone; c-s; well sorted; angular (va-sr) 
clasts; 1% dark minerals, 0% carbonaceous material; 
light grey, weathering grey; moderately resistant; 
sharp lower contact. 


Same as S114-1. 

Covered. 

Claystone; c-s; moderate sorting; green grey, 
weathering grey; recessive. 


Claystone; c-sS; poor sorting; bioturbated; dark 
green grey, weathering grey; 1% dark minerals, 
0% carbonaceous material; recessive; gradational 
lower contact. 


Same as S1l17-1. 


Claystone; well sorted; 0% dark minerals, 0% 
carbonaceous material; dark green grey, weathering 
grey; recessive; sharp lower contact. 


Siltstone; c-s; poor sorting; grey, weathering 
brown grey; recessive; sharp lower contact. 


Claystone; c-s; poor sorting; 1% dark mineréls, 
1% carbonaceous material; medium grey, weathering 
grey; recessive; gradational lower contact. 
Covered. 


Siltstone; c-vf; poor sorting; angular (va-sa) 
clasts; 2% dark minerals, 1% carbonaceous material; 


green grey, weathering grey; recessive. 
Covered. 


Siltstone; c-s; poor sorting; 3% dark minerals, 1% 
carbonaceous material; brown grey, weathering grey; 


recessive. 


Covered. 


He, 


er Gti) A 7 ee ORD ae eee pear, |, re 7 . ee 
Pes: i " ‘, by kA, pi) An) im ae, | at ). ee mig 


iasuniousd tee 


eee 4 
see elemeraagliamana her, Sarnia ities ho pee Tate ~ de hey comb bine 


pats yochaney ,Yeae “oars Preeti tlie: a is 


iS Somvede tarod Tadeo Caeser 


alt t | sill i 
aserbuns: chombeiP 0° Veo) ae eter ‘* Ste 
Lyk #6 Cadedhe tae aq) cao iqpeancfode sr 
ess) ahem: 5a cn PUN epich a, ao, 4 it ” Es tol 
ope late \y ee Pea Lae ieee 4 sy end yr” 
a Ati cS ceeibiaad eore 


Rut Baa pi ib one” oar — my 


~ 


miaisrtio #2nh) # t 
ita SITY RS: VPA RY Nts Sal ee Ttasetian) Pes adh 
POI NOS ARAL eae ‘itnte Fed * Be ar 


Ay wore 


j f oe: iv 
tote. eP ths Aa ' ; aa. i nossa sie oh sins kre. pertal ow ‘sso 
Jos TOs cAtE (idos fey rev kee oe ba 


eatxedatew. ima sitet ole tt heey kansas Pee tsa 
naib rion, Sateen “Larios abere atheareey vane | 


¢ Narsey, aR De Daitisine irene 
icc! ne Sus ee stot 2) a Neat t me '« mee 


pot 


LY Ag 


hot Be vero Cae fsnis ‘REL 6h erie kitty a 
er ee ee 

A been ist Aart a thon 3 19, 
. is vee Sanh a a ree i 


lerneae ster: + be SAI F ieee Pri] * 


* 


ee 89 1 ett seis EAB WG ) a% ‘ 
Or. thepistol viet Sh) ft pr 2a f 
. toads an 


¥ mirada eget “poe 
Pantech. nine “gigi 
efenerin dxet ef cts pee 
gates, Ainde wy Sag makbent q hp ten ae 
| races cata’ 


t sa 3 ond sation vite 
aon fe: wE: c 
| ava 


a5 cathadae chek: #t spel cic 
% on Ba twyhtmare sree revyrd Glpk 


Position 
(metres 
from base) 
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Description 


Con a a a rn tere aman ree 


Thick- 

Sample ness 
Number (metres) 

$124-1 0.6 

3 el) 

$125-1 0.8 

$126-1 0.8 
$127-1 0-25 
$128-1 0.15 
§129-1 0.45 
$130-1 0.35 
$131-1 OnSS 
$132-1 0.45 
$133-1 D235) 

14 

$134-1 0.2 

§135-1 Abe! 

0 
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P19... 


119.2 


119.4 


1.9...9 


T0ur 


120.5 


ale 2 esp | 


NWP .2 JSF 


Sandstone, very fine (c-vf) grained; poor sorting; 
subrounded (sa-sr) clasts; 1% dark minerals, 0% 
carbonaceous material; medium grey, weathering 
grey; resistant. : 


Covered. 


Claystone; c-s; well sorted; 1% dark minerals, 
0% carbonaceous material; calcareous concretions; 
medium grey, weathering grey; resistant. 


Sandstone, fine (vf£-f) grained; moderate sorting; 
subangular (a-sr) clasts; 10% dark minerals, 33 
carbonaceous material; medium grey, weathering 
brown grey; resistant; sharp lower contact. 


Claystone; dark grey; recessive; sharp lower 
contact. 


Sandstone, medium (vf-m) grained; moderate sorting; 
Subangular (a-sr) clasts; 12% dark minerals, 53% 
carbonaceous material; medium grey, weathering 
brown grey; moderately resistant; sharp lower 
contact. 


Claystone; well sorted; 0% carbonaceous material; 
dark grey, weathering grey; recessive; sharp lower 
contact. 


Claystone; c-s; moderate sorting; 1% dark minerals, 
0% carbonaceous material; medium grey, weathering 
grey; moderately resistant; sharp lower contact. 


Claystone; well sorted; 0% dark minerals, 0% 
carbonaceous material; medium grey, weathering 
grey; recessive; sharp lower contact. 


Siltstone; c-s; poor sorting; 5% dark minerals, 
0% carbonaceous material; medium grey, weathering 
brown grey; moderately resistant; sharp lower 
contact. 


Claystone; c-s; poor sorting; dark green grey, 
weathering brown grey; recessive; gradational 
lower contact. 


Covered. 


Sandstone, fine (s-f) grained; poor sorting; 
subangular (a-sr) clasts; 15% dark minerals, 5% 
carbonaceous material; medium grey, weathering 
grey; moderately resistant; sharp lower contact. 


Claystone; c~s; poor sorting; dark green grey, 
weathering grey; recessive; sharp lower contact. 


Sandstone, very fine (c-vf) grained; poor sorting; 
subangular (a-sr) clasts; 8% dark minerals, 3% 
carbonaceous material; medium grey, weathering 
brown grey; resistant; sharp lower contact. 


Covered. 
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A-34 
Thick- Position 
Sample ness (metres 
Number (metres) from base) Description 
ot SS Le i As Sd 5 De 
$137-1 0.6 130.8 Siltstone; c-s; moderate sorting; 3% dark minerals, 
2% carbonaceous material; medium grey, weathering 
brown grey; moderately resistant; sharp lower 
contact. ; 
§138-1 0.3 TSOs0 Claystone; c-s; well sorted; dark green grey, 
weathering grey; recessive; sharp lower contact. 
§139-1 0.4 IES oe 2 Sandstone, very fine (c-vf) grained; poor sorting; 
subangular (a-sr) clasts; 5% dark minerals, 2% 
carbonaceous material; medium grey, weathering 
grey; resistant; sharp lower contact. 
0.4 131.6 Covered. 
$140-1 0.35 132 Siltstone; c-s; moderate sorting; 4% dark minerals, 
+ oe 2% carbonaceous material; green grey, weathering 
: brown grey; moderately resistant. 
Does: 133 i3 Covered. 
$141-1 0.3 13365 Siltstone; c-vf; poor sorting; subangular (a-sr) 
clasts; 3% dark minerals, 1% carbonaceous material; 
. Qreen grey, weathering brown grey; resistant; 
sharp lower contact. 
0.6 134.1 Covered. 
$142-1 0.4 134.5 Siltstone; c-f; poor sorting; angular (va-sa) 


clasts; 3% dark minerals, 1% carbonaceous material; 
green grey, weathering grey; moderately resistant; 
sharp lower contact. 


eS Sea Covered. 


$143-1 lS WIS KE Sandstone, very fine (c-vf) grained; poor sorting; 
5% dark minerals, 2% carbonaceous material; light 


grey, weathering light grey; resistant; sharp 
lower contact. 


Base of Calcareous Member 


$144-] On7 136.3 Sandstone, very fine grained; calcareous; 
occasional plant remains. 

$145-1 Oss 37305 Limestone, very fine grained; grey, weathering 
light grey; sharp lower contact. 

$146-1 0.9 US ioe Claystone; black; sheared; faulted?; sharp lower 
contact. 

$147-1 OS -139.6 Limestone, very fine grained; ripple marks; abun- 
dant mollusc fossils; resistant; sharp lower contact. 

S148-] ea 140.7 Claystone; black; recessive; sharp lower contact. 

§149-] 0.8 141.5 Limestone, very fine grained; rare mollusc fossils; 
resistant; sharp lower contact. 

$150-1 335 145.0 Claystone, black; recessive; sharp lower contact. 

S151-1 anal 146.1 Limestone, very fine grained; grey; moderately 


resistant; sharp lower contact. 
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Sample 


$152-1 


5253-1 
$154-1 


S155-1 


$156-1 


Sio7—1 


$158-1 


S159-1 


$160-1 


$161-1 


S162-1 


$163-1 


$164-1 


$165-1 


$166-1 


Thick- 
ness 
Number (metres) 


1.5 


OFS 


0.55 


0.25 


A-35 
Position 
(metres 
from base) Description 
147.6 Limestone, fine grained; symmetrical ripple marks; 
resistant; sharp lower contact; abundant mollusc 
fossils. 
JESS a Claystone, black; resistant; sharp lower contact. 
LOL d Limestone; very fine laminations; tool marks; 
Occasional plant remains; resistant; gradational 
lower contact. 
aS AR Claystone, black; calcareous; moderately resistant; 
gradational lower contact. 
156.4 Limestone, very fine grained; finely laminated; 
resistant; gradational lower contact. 
158.4 Covered, may be fault zone. 
159.9 Sandstone, fine grained; grey; resistant; sharp 
lower contact. 
NGORS Claystone; grey; moderately resistant; sharp lower 
contact. 
162.8 Limestone, very fine grained; finely laminated; 
moderately resistant; sharp lower contact. 
164.3 Limestone, fine grained; grey; resistant; grada- 
‘tional lower contact. 
166.8 Claystone; dark grey; calcareous concretions; 
moderately resistant; gradational lower contact; 
some minor faulting. 
lisse hesal Claystone, black; recessive; sharp lower contact. 
Top of Gladstone Formation 
Total thickness is {b7 metres 
Beaver Mines Formation 
EOS Sandstone, fine (vf-f£) grained; poor sorting; 
angular (va-sr) clasts; 15 dark minerals, 0% 
carbonaceous material; tool marks at base; dark 
green grey, weathering brown grey; resistant; 
sharp lower contact. 
IA: Claystone; well sorted; 0% carbonaceous material; 


Gark green grey, weathering grey; recessive; sharp 
lower contact. 

mie Ape) Sandstone, medium (s-m) grained; poor sorting; 
angular (va-sa) clasts; 10% dark minerals, 3% 
carbonaceous material; dark green grey, weathering 
grey; resistant; sharp lower contact. 


iy eee Claystone; well sorted; 0% carbonaceous material; 
olive black, weathering grey; recessive; sharp 
lower contact. 
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Position 
(metres 
from base) 


A-36 


Description 


rg 


Thick- 
Sample ness 
Number (metres) 
$167-1 Lad. 
$168-1 0.3 
$169-1 0.8 
As) 
$170-1 -0O 
$170-2 0.3 
$171-1 0225 
$172-1 0.6 
$173-1 On25 
§174-1 0.33 
$175-1 Ons 
$176-1 OnZ5 
$177-1 0.35 
$178-1 0.85 


OTR 


174.4 


aT. 2 


4 OF AE's 
7763 


179.3 


180.4 


180.6 


181.1 


182.7 


Sandstone, medium (f-m) grained; moderate sorting; 
angular (va-sa) clasts; 20% dark minerals, 5% 
carbonaceous material; large trough cross-—beds; 


‘mud clasts; dark green grey, weathering grey; 


resistant; sharp lower contact. 


Claystone, silty; moderate sorting; 0% carbonaceous 
material; dark green grey, weathering grey; 
recessive; gradational lower contact. 


Sandstone, very fine (c-vf) grained; poor sorting; 
very angular (va-sa) clasts; 25% dark minerals, 

8% carbonaceous material; dark green grey, weather- 
ing grey; resistant; gradational lower contact. 


Covered. 


Siltstone, c-s; poor sorting; angular (va-sa) 
clasts; 10% dark minerals, 3% carbonaceous material; 
8mm laminations; small cross-beds; dark green grey, 
weathering grey; resistant. 


Claystone, silty; poor sorting; 15% dark minerals, 
% carbonaceous material; dark green grey, 
weathering grey; resistant. 


-Claystone; well sorted; 0% carbonaceous material; 


dark grey, weathering grey; recessive; sharp lower 
contact. 


Siltstone; c-vf; poor sorting; angular (va-sa) 
clasts; 25% dark minerals, 10% carbonaceous 
material; small cross-beds; dark green grey, 
weathering grey; resistant; sharp lower contact. 


Claystone; well sorted; 5% carbonaceous material; 
occasional plant fossils; dark grey, weathering 
grey; recessive; gradational lower contact. 


Siltstone, c-vf; poor sorting; very angular (va-a) 
clasts; 30% dark minerals, 15% carbonaceous 
material; dark green grey, weathering grey; resis- 
tant; sharp lower contact. 


Same as S174-1. 


Sandstone, very fine (s-f) grained; poor sorting; 
angular (va-sa) clasts; 30% dark minerals, 15% 
carbonaceous material; dark green grey, weathering 
brown grey; moderately resistant; sharp lower 


contact. 

Sandstone, medium (f-m) grained; moderate sorting; 
subangular (a-sr) clasts; 20% dark minerals, 2% 
carbonaceous material; dark green grey, weathering 


grey; resistant; sharp lower contact. 


Sandstone, fine (vf-m) grained; moderate sorting; 
subangular (a-sr) clasts; 10% dark minerals, 0% 
carbonaceous material; olive grey, weathering brown 
grey; resistant; gradational lower contact. 
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Number (metres) from base) 


A-37 


Description 


Se a SE te ee Ae wanes 


S279-1 2.0 184.5 
$180-1 220 186.5 
$181-1 2.0 186.9 
$181-2 2.0 188.9 
$181-3 2-0 290.9 
S$181-4 2.0 19259 
Sisi5 2.0 194.3 
$181-6 2.0 UST S6 
$181-7 1.6 198.9 
$182-1 0.45 200.8 
$183-1 0.38 201.2 
$184-1 0.4 PAO ERS, 
$185-1 0.5 202.5 


Sandstone, fine (vf-f) grained; poor sorting; 
subangular (sa-sr) clasts; 15% dark minerals, 5% 
carbonaceous material; dark green grey, weathering 
brown grey; resistant; gradational lower contact. 


Claystone, silty; poor sorting; 3% carbonaceous 
material; bioturbated; dark green grey, weathering 


grey; recessive; sharp lower contact. 


Sandstone, fine (f-m) grained; poor sorting; 
subangular (a-sr) clasts; 15% dark minerals, 5% 
carbonaceous material; olive grey, weathering grey; 
resistant; sharp lower contact. 


Sandstone, medium (f-m) grained; moderate sorting; 
angular (va-sa) clasts; 25% dark minerals, 5% 
carbonaceous material; dark green grey, weathering 
grey; resistant; gradational lower contact. 
Laterally continuous 5cm bed of claystone at top. 


Sandstone, fine (vf~f) grained; poor sorting; 
angular (a-sa) clasts; 20% dark minerals, 8% 
carbonaceous material; dark green grey, weathering 
grey; resistant; gradational lower contact. 


Same as S1]181-3. 


Sandstone, very fine (vf-f) grained; angular (a-sa) 
clasts; poor sorting; 20% dark minerals, 5% 
carbonaceous material; 3mm laminations; dark green 
grey, weathering grey; resistant; gradational lower 
contact. 


Sandstone, medium (vf-m) grained; poor sorting; 


subangular (a-sa) clasts; 25% dark minerals, 8% 


carbonaceous material; dark green grey, weathering 
grey; resistant; gradational lower contact. 


Sandstone, medium (f-m) grained; moderate sorting; 
angular (va-sa) clasts; 15% dark minerals, 1% 
carbonaceous material; olive grey, weathering grey; 
resistant; gradational lower contact. 


Siltstone, c-s; poor sorting; 5% carbonaceous 
material; 1mm laminations; dark green grey, 
weathering grey; resistant; gradational lower 


contact. 

Claystone, silty; poor sorting; 1mm laminations; 
bioturbated; dark green grey, weathering grey; 
moderately resistant; gradational lower contact. 


Sandstone, very fine (s-vf) grained; moderate 
sorting; subangular (sa-sr) clasts; mud clasts; 


dark green grey, weathering grey; 25% dark minerals, 


5% carbonaceous material; resistant; sharp lower 
contact. : 

Claystone, silty; poor sorting; dark green grey, 
weathering grey; resistant; gradational lower 
contact. 
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Thick- Position 
Sample ness (metres 


Number (metres) from base) 


$186-1 0.8 202.7 
6187-1 eh) 203.1 
$188-1 Hes 203.9 
$189-1 276 205.1 
$190-1 1.3 20721 
etoiet 0.3 207.5 
$192-1 0.35 207.8 
$193-1 0.31 208.1 
$194-1 0.75 208.9 
$195-1 1.4 210.3 
0.95 213.2 
$196-1 TG 21u5 
ShO727 2.0 213.1 
$197-2 2.0 214.95 


ieee ae ete ee ee eee te ee 


A-38 


Description 


Siltstone; c-s; poor sorting; subangular (a-sa) 
clasts; 30% dark minerals, 10% carbonaceous 
Material; dark green grey, weathering grey; 
resistant; sharp lower contact. 


Claystone; well sorted; 0% carbonaceous material; 
rare plant fossils; bioturbated; green black, 
weathering black; recessive; sharp lower contact. 


Claystone, silty; poor sorting; 8% carbonaceous 
material; occasional plant remains; dark green 
grey, weathering grey; resistant; sharp lower 
contact. 


Sandstone, very fine (s-f) grained; poor sorting; 
subangular (sa-sr) clasts; 10% dark minerals, 5% 
carbonaceous material; 3mm laminations; mud clasts; 
dark green grey, weathering grey; recessive; sharp 
lower contact. 


Claystone; well sorted; 0% carbonaceous material; 
lcm laminations; rare plant remains; olive black, 
weathering grey; moderately resistant; sharp 
lower contact. 


Combined with S190-1. 


Sandstone, very fine (s-vf) grained; poor sorting; 
subangular (a-sr) clasts; 20% dark minerals, 10% 
carbonaceous material; occasional plant remains; 
dark green grey, weathering grey; moderately 
resistant; sharp lower contact. 


Siltstone; c-vf; poor sorting; angular (a-sa) 
clasts; 10% carbonaceous material; occasional 
plant remains; dark green grey, weathering grey; 
moderately resistant; gradational lower contact. 


Claystone, silty; moderate sorting; 10% carbonaceous 
material; Imm laminations; rare plant remains; 

green black, weathering grey; moderately resistant; 
gradational lower contact. 


Sandstone, fine (vf-f) grained; poor sorting; 
anqular (va-sa) clasts; 20% dark minerals, 5% 
carbonaceous material; dark green grey, weathering 
green grey; resistant; sharp lower contact. 


Covered. 


Claystone; well sorted; bioturbated; dark green 
grey, weathering green grey; recessive. 


Sandstone, fine (vf-m) grained; moderate sorting; 
subangular (sa-sr) clasts; 15% dark minerals, 2% 
carbonaceous material; dark green grey, weathering 
green grey; resistant; sharp lower contact. 


Sandstone, fine (vf£-f£) grained; poor sorting; 
angular (a~sa) clasts; 30% dark minerals, 15% 
carbonaceous material; dark green grey, weathering 
green grey; resistant; gradational lower contact. 
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Thick- 


Sample ness 


Number (metres) 


$197-3 2.0 
$198-1 0.95 
$199-1 On3 
$200-1 0. 
$201-1 0.9 
$202-1 0.3 
§203-1 O16 
$204-1 1285 
$205-1 0.6 
<306-2 (2. 4 
$207-1 0.55 
$208-1 0.3 
$209-1 0.53 
$210-1 0.3 


Position 
(metres 
from base) 
Sd eee Bere et OM ee ee 
216.95 


221.3 


22136 


PBEM Rc A 
22259 


2 Sere 


223.8 


226.1 


228.1 


229 a1 


230.3 


Description 


Sandstone, fine (vf-f) grained; poor sorting; 
angular (a-sa) clasts; 15% dark minerals, 5% 
carbonaceous material; dark green grey, weathering 
green grey; resistant; gradational lower contact. 


Siltstone; c-vf; poor sorting; angular (va-a) 
clasts; 25% dark minerals, 12% carbonaceous 
material; 2mm laminations; green black, weathering 
green grey; resistant; sharp lower contact. 


Claystone, silty; poor sorting; 10% carbonaceous 
material; rare plant remains; bioturbated; black, 
weathering grey; recessive; sharp lower contact. 


Same as S199-1. 


Siltstone; c-vf; poor sorting; angular (a-sa) 
clasts; 7% dark minerals, 3% carbonaceous material; 
dark green grey, weathering grey; resistant; 

sharp lower contact. 


Siltstone; c-s; poor sorting; angular (a-sa) 
clasts; 7% dark minerals, 3% carbonaceous material; 
Gark green grey, weathering grey; recessive; 
gradational lower contact. 


Siltstone; c-vf; poor sorting; subangular (a-sa) 
clasts; 7% dark minerals, 2% carbonaceous material; 
Gark green grey, weathering green grey; recessive; 
gradational lower contact. 


Claystone; well sorted; 0% carbonaceous material; 
bioturbated; green black, weathering green; 
recessive; sharp lower contact. 


Siltstone; c-s; poor sorting; angular (va~sa) 
clasts; 10% dark minerals, 7% carbonaceous 
material; dark green grey, weathering green grey; 
moderately resistant; sharp lower contact. 


Claystone; c-s; poor sorting; 15% dark minerals, 
8% carbonaceous material; bioturbated; dark green 
grey, weathering green grey; recessive. 


Siltstone; c-s; poor sorting; angular (va-sa) 
clasts; 10% dark minerals, 3% carbonaceous 
material; dark green grey, weathering grey; 
moderately resistant; sharp lower contact. 


Claystone; moderate sorting; occasional plant 
remains; bioturbated; green black, weathering grey. 


Sandstone; very fine (s-vf) grained; poor sorting; 
angular (va-sa) clasts; 20% dark minerals, 8% 
carbonaceous material; mud clasts; dark green grey, 
weathering grey; moderately resistant; sharp lower 
contact. 


Claystone;c-s; moderate sorting; 0% carbonaceous 
material; green black, weathering grey; recessive; 
gradational lower contact. 
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Thick- Position 
Sample ness (metres 
. Number (metres) from base) 


SPti-1 =" 0.2 230.5 
$212-1 0.6 Zoo 
S213-1 0.53 232.5 
‘ 

$214-1 0.65 282.0 
$215-1 3.9 234.5 
$216-1 2.4 236.9 
S37) 0.9 238.5 
6218-1. 0.9 239.5 
$219-1 0.4 240.1 
$220-1 1.4 24152 
§221-1 0.5 24.9 


A-40 


Description 


LEO AL A TLC LC A 


Sandstone; very fine (s-f) grained; poor sorting; 
subangular (a-sa) clasts; 20% dark minerals, 5% 
carbonaceous material; 2cm laminations; small 
trough cross-beds; dark green grey; 

moderately resistant; sharp lower contact. 


Sandstone; very fine (s-vf) grained; poor sorting; 
angular (va-~sa) clasts; 25% dark minerals, 12% 
carbonaceous material; bioturbated; dark green 
grey, weathering green grey; moderately resistant; 
gradational lower contact. 


Siltstone; c-s; poor sorting; angular (va-a) 
clasts; 25% dark minerals, 12% carbonaceous 
material; occasional plant remains; dark green 
grey, weathering green grey; recessive; grada- 
tional lower contact. 


Sandstone; very fine (c-vf) grained; poor sorting; 
angular (a-sa) clasts; 15% dark minerals, 5% 
carbonaceous material; dark green grey, weathering 
green grey; recessive; sharp lower contact. 


Siltstone; c-s; well sorted; 5% dark minerals, 
5% carbonaceous material; dark green grey, weather- 
ing green grey; recessive; sharp lower contact. 


Sandstone, very fine (s-vf) grained; moderate 
sorting; very angular (va-a) clasts; 15% dark 
minerals, 10% carbonaceous material; mud clasts; 
occasional plant remains; dark green grey, weather- 


ing grey; resistant; sharp lower contact. 


Sandstone, fine (vf-m) grained; poor sorting; 
subangular (a-sa) clasts; 8% dark minerals, 3% 
carbonaceous material; dark green grey, weathering 
grey; resistant; sharp lower contact. 


Claystone; c-s; moderate sorting; 30% dark minerals, 
20% carbonaceous material; bioturbated; dark grey, 
weathering grey; recessive; sharp lower contact. 


Siltstone; c~s; poor sorting; 25% dark minerals, 
15% carbonaceous material; 0.5 cm laminations; 
small tangential cross-beds; dark green grey, 
weathering brown grey; recessive; sharp lower 
contact. 


Claystone; well sorted; 1mm laminations; green 
black, weathering grey; recessive; sharp lower 
contact. 

Siltstone; well sorted; very angular (va-a) clasts; 
20% dark minerals, 10% carbonaceous material; O.3cm 
laminations; small trough cross-beds; olive grey, 
weathering brown grey; moderately resistant; 


gradational lower contact. 
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Thick- 
Sample ness 


$222-1 aig 
$223-1 0.5 
$224-1 OS 
$225-1 O75 
\ 
$226-1 1.05 
$227-1 1.20 
$228-1 0.4 
$229-1 1.65 
S270-].. . 2.55 
S231-1 ae 
- $232-1 0.45 
$233-1 O55 
$234-1 2.0 
$234-2 1.4 


Position 
(metres 
Number (metres) from base) 


242.9 


243.9 


244.1 


245.1 


246.2 
246.9 


247.8 


249.1 


251.8 


256.3 


A-41 


Description 


Claystone; c-s; poor sorting; 30% dark minerals, 
15% carbonaceous material; 2mm laminations; 
symmetrical ripple marks; green black, weathering 


' grey; moderately resistant; sharp lower contact. 


Siltstone; c-s; poor sorting; 8% dark minerals, 
3% carbonaceous material; dark green grey, 
weathering grey; recessive; sharp lower contact. 


Sandstone; fine (s-f) grained; poor sorting; sub- 
angular (a-sa) clasts; 5% dark minerals, oe 
carbonaceous material; mud clasts; dark green grey, 
weathering green grey; moderately resistant; sharp 
lower contact. 


Claystone; c-S; poor sorting; 6% dark minerals, 

2% carbonaceous material; 0.4cm laminations; dark 
green grey, weathering grey; moderately resistant; 
gradational lower contact. 


Same as S225-1. 


Sandstone; very fine (s-vf) grained; poor sorting; 
10% dark minerals, 6% carbonaceous material; 0.2cm 
laminations; mud clasts; dark green grey, weather- 
ing grey; resistant; gradational lower contact. 


Claystone; c-s; moderate sorting; 4mm laminations; 
summetrical ripple marks; dark green grey, 
weathering brown grey; recessive; gradational 
lower contact. 


Siltstone; c-s; poor sorting; 10% dark minerals, 
5% carbonaceous material; 2mm laminations; dark 
green grey, weathering brown grey; moderately 
resistant; sharp lower contact. 


Claystone; c-s; poor sorting; 5% dark minerals, 
1% carbonaceous material; dark green grey, weather- 
ing grey; resistant; sharp lower contact. 


Same as §S230-1l. 


Siltstone; c-s; moderate sorting; angular (a-sa) 
clasts; 10% dark minerals, 3% carbonaceous material; 
@ark green grey, weathering grey; moderately 
resistant; sharp lower contact. 


Claystone; c-s; poor sorting; dark green grey, 
weathering grey; recessive; sharp lower contact. 


Sandstone; fine (vf-f) grained; moderate sorting; 
angular (a-sa) clasts; 15% dark minerals, 5% 
carbonaceous material; mud clasts; dark green grey, 
weathering grey; resistant; sharp lower contact. 


Sandstone; very fine (s-vf) grained; moderate 
sorting; angular (va-a) clasts; 12% dark minerals, 
3% carbonaceous material; calcareous concretions; 
@ark green grey, weathering grey; resistant; 
gradational lower contact. 
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Thick- Position 
Sample ness (metres 
Number (metres) from base) 
$235-1 Wes 258 eu 
$236-1 0.3 259.2 
$237-1 PA) 260.5 
$238-1 BO 268i 
$239-1 O45 ZoAm 
$240-1 0225 264.3 
S241-1 220 264.5 
§241-2 2.0 266.3 
$241-3 268.3 
242-1 269.5 
S243-1 1.6 270.9 
$244-] 1285 PEL AS 
8245-1 Ziel AM eV A OS 
$245~2 1.5 2 Siok 


A-42 


Description 


—_— eee 


Claystone; well sorted; calcareous concretions; 
dark green grey, weathering grey; a 
gradational lower contact. 


Sandstone; fine (vf-m) moderate sorting; angular 
(a~sa) clasts; 10% dark minerals, 4% carbonaceous 
material; mud clasts; dark green grey, weathering 


_grey; moderately resistant; sharp Jower contact. 


Claystone; c-s; moderate sorting; bioturbated;: 
dark green grey, weathering green; recessive; 
gradational lower contact. 


Same as S237-l1. 


Siltstone; c-s; poor sorting; 15% dark minerals, 

8% carbonaceous material; dark green grey, weather- 
ing green grey; moderately resistant; sharp lower 
contact. 


Sandstone, fine (s-f) grained; poor sorting; 
angular (a-sa) clasts; 8% dark minerals, 3% car- 


ybonaceous material; dark green grey, weathering 


green grey; moderately resistant; gradational 
lower contact. 


Siltstone; c-S; poor: sorting; angular (a-sa) clasts; 
5% dark minerals, 3% carbonaceous material; lcm 
laminations; mud clasts; dark green grey, weathering 
grey; recessive; gradational lower contact. 


‘Claystone; well sorted; occasional plant remains; 


dark green grey, weathering grey; recessive; 
gradational lower contact. 


Same as S24]-2. 
Same as $241-2. 


Siltstone; c-s; poor sorting; angular (va-sa) 
clasts; 15% dark minerals, 10% carbonaceous 
material; small scale tangential cross-beds; 
occasional plant remains; dark green grey, weather- 
ing grey; recessive;.sharp lower contact. 


Sandstone, very fine (vf-f) grained; poor sorting; 
angular (a-sa) clasts; 15% dark minerals, 5% 
carbonaceous material; dark green grey, weathering 
green grey; moderately resistant; sharp lower 


contact. 
Claystone; c-s; moderate sorting; 2mm laminations; 


small tangential cross-beds; dark green grey, 
weathering grey; recessive; sharp lower contact. 


Claystone; c-s; poor sorting; dark green grey, 
weathering grey; recessive; gradational lower 


contact. 
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A-43 


Description 
eth e te Sie vee Bei be eh ee a Se eee 
Claystone; c-s; poor sorting; 8% carbonaceous 
Material; symmetrical ripples; bioturbated; dark 


_ green grey, weathering grey; moderately resistant; 


sharp lower contact. 


Claystone; moderate sorting; 1% carbonaceous 
material; dark green grey, weathering grey; 
recessive; gradational lower contact. 


Siltstone; no sample. 


Siltstone; c-s; poor sorting; dark green grey, 
weathering grey; moderately resistant; gradational 


Claystone; c-s; moderate sorting; dark green grey, 
weathering grey; moderately resistant; gradational 


Siltstone; c-s;. poor sorting; 3% dark minerals, 
1% carbonaceous material; mud clasts; dark green 
grey, weathering grey; moderate resistance; 
gradational lower contact. 


Siltstone; c-s; poor sorting; angular (a~sa) clasts; 
3% dark minerals, 1% carbonaceous material; dark 
green grey, weathering grey; moderately resistant; 
gradational lower contact. 


Siltstone; c-s; poor sorting; angular (a-sa) clasts; 
3% dark minerals, 1% carbonaceous material; 1mm 
laminations; dark green grey, weathering grey; 
recessive; sharp lower contact. 


Sandstone, very fine (s-vf£f) grained; poor sorting; 
angular (a-sa) clasts; 5% dark minerals, 2% 
carbonaceous material; dark green grey, weathering 
grey; resistant; sharp lower contact. 


Siltstone; c-s; poor sorting; 5% dark minerals, 3% 
carbonaceous material; dark green grey, weathering 
grey; moderately resistant; gradational lower 


Claystone;c-s; moderate sorting; lmm laminations; 
asymmetrical ripple marks; dark green grey, 
weathering grey; moderately resistant. 


Siltstone; moderate sorting; angular clasts; 2% 
dark minerals, 1% carbonaceous material; dark green 
grey, weathering grey; moderately resistant; 


gradationa] lower contact. 


Position 
Sample ness (metres 
Number (metres) from base) 
8246-1 On PAK Ne, Fi 
$247-1 2h 3 Same as S246-1. 
S248-1 eal 278.39 
§249-1] 0.4 Phe 33 
$250-1 0.25 PASO Va 
lower contact. 
§251-1 0.6 280.7 
lower contact. 
§252-1 0.22 281.0 
$253-1 0.28 281,38 
8254-1 de 2 282.3: 
$255-1 i... 35 283 i: 
$256-1 T.05% 284.1 
: contact. 
$257-1 On45 285.1 
S258-1 0.85 286.1 
$259-1 OR. 286.6 


Claystone; c-s; moderate sorting; 3% carbonaceous 
material, occasional plant remains; olive grey, 
weathering green grey; recessive; sharp lower 
contact. 
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A-44 
Thick- Position 
Sample ness (metres 
_.Number (metres) from base) Description 
za it laa ha ea ote sal A He Uae 
$260-1 0.2 286.8 Sandstone; coarse (m-crs) grained; poorly sorted; 
subangular (a-sr) clasts; 7% dark minerals, 1% 
carbonaceous material; dark green grey, weathering 
grey; pebbles at base; resistant; sharp lower 
contact. 
S620-2 0.8 Bie ab Same as S260-1. 
$260-3 2.0 288.8 Sandstone, medium (f-m) graine@; poor sorting; 
subangular (a-sa) clasts; 15% dark minerals, 7% 
carbonaceous material; dark green grey, weathering 
grey; resistant; gradational lower contact. 
S260-4 2.0 290.8 Same as S260-3. 
$260-5 2.0 BED Ke) Sandstone, fine (f-m) grained; poor sorting; 

‘ subangular (a-sr) clasts; 10% dark minerals, 43 
carbonaceous material; dark green grey; weathering 
grey; resistant; gradational lower contact. 

S260-6 2.0 294.8 Sandstone, medium (f-m) grained; poor sorting; 


angular (a-sa) clasts; 5% dark minerals, 1% 
carbonaceous material; dark green grey, weathering 
grey; resistant; gradational lower contact. 


S260-7 296.8 Same as S260-6. 


$260-8 


2 
j 
5260-9 tbe 
0 
0 


0 

(8) 29738 Same as S260-G6. 
0 298.8 Same as S260-6. 
5 


S260-10 300.5 Same as S260-6. 


$261-1 a) SXOEL AS) Siltstone; c-s; poor sorting; very angular (va-a) 


clasts; 15% dark minerals, 8% carbonaceous 
Iaterial; green black, weathering grey; moderately 
resistant; sharp lower contact. 


$262-1 0.15 302.1 Claystone; c-s; moderate sorting; 0% carbonaceous 
material; green black, weathering grey; recessive; 
gradational lower contact. 


$263-1 (alts) 302..2 Same as S262-1. 


$264-1 2.0 302.4 Sandstone, very fine (s-vf) grained; poor sorting; 
: angular (va-a) clasts; 15% dark minerals, 8% 
carbonaceous material; dark green grey, weathering 
green grey; moderately resistant; sharp lower 


contact. 


S264-2 eee b 304.2 Siltstone; c-s; poor sorting; angular (va-a) clasts; 
= 15% dark minerals, 10% carbonaceous material; 
moderately resistant; dark green grey, weathering 
grey; gradational lower contact. 


$265-1 Ons 305.6 Siltstone; c-s; poor sorting; 5% dark minerals, 3% 
carbonaceous material; green black, weathering 
grey; recessive; gradational lower contact. 


$266-1 0.35 306.0 Claystone; c-s; poor sorting; dark green grey, 
weathering grey; resistant; sharp lower contact. 
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from base) 


A-45 


Description 


a ha es 


Thick- 
Sample ness 
Number (metres) 
$267-1 AS 
268-1 0.8 
$269-1 22 PAS. 
$270-1 0.8 
1.8 
$271-1 Diote 
$272-1 0.4 
$273-1 0.65 
$274-1 1.8 
2.0 
$275-1 Gree, 
S276-1 0.55 
ogy) 6.33 
$278-1 Ons 
$279-1 0.85 


SOs ae 


SLOG S 


310.5 


Ss 


Shoe 
314.8 


31.6 «2: 


SLO 25 


S18. 2 


32061 
324.8 


S2iek 


327.6 
327.8 


328.6 


330.6 


Claystone; moderate sorting; asymmetrical ripple 
marks; occasional plant remains; green black, 
weathering grey; moderately resistant; gradational 
lower contact. : 


Claystone; well sorted; dark green grey, weathering 


_ grey; moderately resistant; gradational lower 


contact. 


Siltstone; c-vf; moderate sorting;* angular (va-sa) 
clasts; 5% dark minerals, 1% carbonaceous material; 
dark green grey, weathering grey; moderately 
resistant; sharp lower contact. 


Claystone; moderate sorting; 2% dark minerals, 
1% carbonaceous material; dark green grey, weather- 
ing grey; recessive; sharp lower contact. 


Covered. 


Siltstone; c-s; poor sorting; angular (va-sa) 
clasts; 2% dark minerals, 1% carbonaceous material; 
dark green grey, weathering grey; moderately 
resistant. 


Claystone; c-s;. poor sorting; 3% dark minerals, 13% 
carbonaceous material; 2mm laminations; dark green 
grey, weathering grey; recessive; gradational 
lower contact. 


Siltstone; c-s; poor sorting; 4% dark minerals, 1% 
carbonaceous material; dark green grey, weathering 
grey; moderately resistant; sharp lower contact. 


Claystone; moderate sorting; 3% dark minerals, 13% 
carbonaceous material; bioturbated; dark green grey, 
weathering grey; recessive; sharp lower contact. 


Covered. 


Claystone; well sorted; 1mm laminations; occasional 
plant remains; green black, weathering grey; 
recessive. 


Sandstone, very fine (s-vf) grained; poor soring; 
angular (va-sa) clasts; 5% dark minerals, 3% 
carbonaceous material; dark green grey, weathering 
brown grey; moderately resistant; sharp lower 
contact. 


Claystone; well sorted; dark green grey, weathering 
grey; recessive; gradational lower contact. 


Claystone; c-s; moderate sorting; dark green grey, 
weathering grey; recessive; sharp lower contact. 


Sandstone, fine (vf-f) grained; poor sorting; 
angular (a-sa) clasts; 10% Gark minerals, 0% 
carbonaceous material; dark green grey, weathering 
brown grey; resistant; sharp lower contact. 


Covered. 
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A ees A- 
Thick- Position 38 


Sample ness (metres 

Number (metres) from base) Description 

nn Se ee Ee ee ee 

$280-1 0.37 331.1 | Claystone; well sorted; 5% carbonaceous material; 
occasional plant remains; ripple marks; green 
black, weathering grey; recessive; sharp lower 
contact. 


$281-1 4.0 33Se8 Same as S280-1. 


$282-1 . 2230) SS Orel Siltstone; c-s; moderate sorting; 7% dark minerals, 
3% carbonaceous material; dark green grey, weather- 
-ing grey; recessive; sharp lower contact. 


$283-1 5S) 336.6 Claystone; no sample; recessive; sharp lower 
contact. as 


$284-1 2.0 338.6 Siltstone; c-vf; poor sorting; angular (a-sa) 
clasts; 2% dark minerals, 0% carbonaceous materal; 
dark green grey, weathering grey; resistant; 
sharp lower contact. 


S285-1 20 339.6 Sandstone, very fine (s-vf) grained; moderate 
sorting; angular (va-sa) clasts; 7% dark minerals, 
0% carbonaceous material; dark green grey, 
weathering grey; resistant; sharp lower contact. 


§285-2 eG 341.6 Sandstone, very fine (s-vf) grained; poor sorting; 
6% Gark minerals, 2% carbonaceous material; dark 
green grey, weathering grey; resistant; gradational 
lower contact. 


$286-1 PIO 343.2 Siltstone; c-s; poor sorting; 3% dark minerals, 1% 
carbonaceous material; dark green grey, weathering 
green orey; moderately resistant; gradational 
lower contact. 


S286-2 aS! S45i2 Siltstone; c-vf£f; poor sorting; 3% dark minerals, 1% 
carbonaceous material; bioturbated; dark green grey, 
weathering green grey; moderately resistant; 
gradational lower contact. 


8287-1 20 346.5 Sandstone, medium (f-crs) grained; poor sorting; 
angular (a-sa) clasts; 10% dark minerals, 4% 
carbonaceous material; occasional plant remains; 
mud clasts; dark green grey, weathering grey; 
resistant; sharp lower contact. 


$287-2 1.45 348.5 Same as S287-1l. 


S288~]. r75 35257 Claystone; no sample; grey; recessive; sharp lower 
: contact. 


$289-] 3.0 CHG Claystone; moderate sorting; 0% carbonaceous 
material; asymmetrical ripples; green black, 
- weathering grey; splintery; recessive; gradational 


y lower contact. 

8290-1 250 354.7 Siltstone; c-s; poor sorting; subangular (a-sa) 
clasts; 10% dark minerals, 5% carbonaceous material; 
asymmetrical ripples; dark green grey, weathering 
green grey; resistant; sharp lower contact. 
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Position 
(metres 
from base) 


A-47 


Description 


I TR ecg a ct cen ek tg oes 


Thick- 
Sample ness 
‘Number (metres) 
§290-2 20) 
$290-3 Oa 
8291-1 Sro5 
§292-1 0.65 
293-1 0.45 
$294-1 0.45 
$295-1 0.8 
8296-1 110 
S297-1 Tesak 
§298-1 0.12 
§299-1 BSS 
§300-1 kes 
S301-1 i 
$302-] DS 
$303-1 0.65 


350.7 


Seyshe Y/ 
361.8 


363% 5 
SOSo 


363.4 


BOD. % 


365.9 


366.9 


KE) 3 8) 


376.4 


Sandstone, very fine (s-vf) grained; poor sorting; 
subangular (a-sa) clasts; 10% dark minerals, 3% 
carbonaceous material; dark green grey, weathering 
green grey; resistant; gradational lower contact. 


Same as S$290-2. 


Claystone; well sorted; bioturbated; dark green 
grey, weathering grey; recessive; sharp lower 
contact. : 


Same as S291~-1. 


Siltstone; c-s; poor sorting; 15% dark minerals, 
5% carbonaceous material; 2mm laminations; dark 
green grey, weathering grey; moderately resistant; 
sharp lower contact. 


Same as S293-1. 


Siltstone; c-s; moderate sorting; angular (a-sa) 
clasts; 8% dark minerals, 3% carbonaceous material; 
bioturbated; dark green grey, weathering grey; 
moderately resistant; gradationa]l lower contact. 


Claystone; well sorted; bioturbated; dark green 
grey, weathering green grey; moderately resistant; 
sharp lower contact. 


Sandstone, very fine (c-vf) grained; poor sorting; 
subrounded (sa-sr) clasts; 2% dark minerals, O% 
carbonaceous material; bioturbated; green grey, 
weathering green grey; recessive; sharp lower 
contact. 


Claystone; moderate sorting; bioturbated; dark 
green grey, weathering grey; recessive; sharp 
lower contact. 


Same as S298-1; very splintered. 


Sandstone, very fine (s-vf) grained; poor sorting; 
angular (va-sa) clasts; 10% dark minerals, 5% 
carbonaceous material; dark green grey, weathering 
green grey; resistant; sharp lower contact. 


Covered. 

Siltstone; c-vf; poor sorting; angular (va~sa) 
clasts; 15% dark minerals, 5% carbonaceous material; 
mud clasts; bioturbated; dark green grey, weathering 
green grey; recessive. 

Claystone; c-s; moderate sorting; 0% carbonaceous 
material; calcareous concretions; dark green grey, 
weathering green grey; recessive; sharp lower 
contact. 

Claystone; c-s; poor sorting; 0% carbonaceous 
material; mud clasts; olive grey, weathering grey; 
recessive; sharp lower contact. 
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Thick- 
Sample ness 
Number (metres) 
S304-1 1h} 
$305-1 2.0 
$306-1 OnSs) 
$307-1 0.88 
S308-1 Welt 
$309-1 0.8 
$310-1 O. 
§31]-1 ee 
$312-1 0.45 
$313-1 On25 
$314-1 327 
$315-1 0.35 
$316-1 Ons 


Aa a nn te te ep 


Position 
(metres 
from base) 


RL ee SS eS aS oe teas oan enhes isi sas aaneoredtienstiadontctinoenan 


SPIES 


379.5 


383.6 


387.1 
888.9 


338929 


390.4 


390.9 


Boa 


394.9 


405.4 


A-48 


Description 


Claystone; well sorted; dark green grey, weather- 
ing grey; splintered; moderately resistant; 
sharp lower contact. 


Sandstone, very fine (s-vf) grained; poor sorting; 
angular (va-sa) clasts; 5% dark minerals, 2% 
carbonaceous material; dark green grey, weathering 
green grey; resistant; sharp lower contact. 


Same as §$305-1. i 


Claystone; well sorted; dark green grey, weather- 
ing grey; recessive; gradational lower contact. 


Siltstone; c-s; poor sorting; angular (va~sa) 
clasts; 10% dark minerals, 4% carbonaceous 
material; lmm laminations; dark green grey, 
weathering green grey; moderately resistant; 
sharp lower contact. 


Claystone; c-s; moderate sorting; bioturbated; 
dark green grey, weathering green grey; recessive; 
sharp lower contact. 


Covered. 


Siltstone; c-s; poor sorting; angular (va-sa) 
clasts; 6% dark minerals, 2% carbonaceous material; 
dark green grey, weathering grey; moderately 
resistant. 

Claystone; well sorted; rare plant remains; bio- 
turbated; dark green grey, weathering green grey; 
recessive; sharp lower contact. 


Sandstone, very fine (s-vf) grained; poor sorting; 
angular (a-sa) clasts; 10% dark minerals, 4% 
carbonaceous material; small trough cross-beds; 
dark green grey, weathering grey; moderately 
resistant; sharp lower contact. 


Siltstone; c-S; poor sorting; 5% dark minerals, 
3% carbonaceous material; dark green grey, 
weathering green grey; moderately resistant; 
sharp lower contact. 


Claystone; c-s; moderate sorting; 10% dark minerals; 
bioturbated; dark green grey, weathering green; 
recessive; sharp lower contact. 


Siltstone; c-vf; poor sorting; angular (va-sa) 
clasts; 3% dark minerals, 1% carbonaceous material; 
Gark green grey, weathering green grey; moderately 
resistant; sharp lower contact. 

Alternating siltstone and claystone; mottled red 


and green; interpreted as containing a fault 
thrusting the Beaver Mines over the Mill Creek. 


Yop of Beaver Mines Formation 


Total thickness is 240 metres 
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A-49 
Thick- Position 
Sample ness (metres 
Number (metres) from base) Description 


Se nT eee 
Mill Creek Formation 


$317-1 0.8 408.1 Sandstone, very fine grained; no sample; grey; 
moderately resistant. 


$318-1 5m 408.9 Claystone; no sample; dark grey; recessive; 
sharp lower contact. 


Ses at 1.0 413.9 Sandstone; very fine (s-f) grained; poor sorting; 
very angular (va-a) clasts; 6% dark minerals, 4% 
carbonaceous material; dark grey, weathering grey; 


resistant. 
$320-1 0.6 414.9 Siltstone; c-vf; poor sorting; 3% dark minerals; 
Gark grey, weathering grey; moderately resistant; 
sharp lower contact. A 
$321-1 0.5 415.3 Sandstone, very fine (s-vf) grained; poor sorting; 


angular (a-sa) clasts; 10% dark minerals, 43% 
carbonaceous material; dark green grey, weathering 
grey; resistant; sharp lower contact. 


$322-1 On55: 415.9 Siltstone; c~vf; poor sorting; 12% dark minerals, 
8% carbonaceous material; dark green grey, — 
weathering grey; moderately resistant; sharp 
lower contact. 


No2Zo—1 200 417.1 Siltstone; c-vf; poor sorting; 5% dark minerals, 
2% carbonaceous material; occasional plant remains; 
dark green grey, weathering grey; resistant; 
sharp lower contact. 


$324-] AO 418.1 Claystone; c-s; poor sorting; 10% dark minerals, 
9% carbonaceous material; 3mm laminations; bio- 
turbated; dark green grey, weathering grey; 
resistant; sharp lower contact. 


$325-1 aha 420.5 Siltstone; c-vf; poor sorting; 7% dark minerals, 
4% carbonaceous material; dark grey, weathering 
green grey; resistant; sharp lower contact. 


$326-1 Ihats! AZ aS Claystone; c-s; moderate sorting; 3% dark minerals, 
1% carbonaceous material; abundant plant remains; 
Gark grey, weathering grey; resistant; sharp lower 
contact. 


$327-1 OTS5 4225 Sandstone, very fine (s-f£) grained; moderate 
sorting; angular (va-sa) clasts; 6% dark minerals, 


1% carbonaceous material; olive grey, weathering 
= grey; resistant; sharp lower contact. 


$328-1 625 422.8 Claystone; c~s; moderate sorting; 2% dark minerals, 
0% carbonaceous material; medium grey, weathering 
grey; recessive; sharp lower contact. 

$329-1] On 423.0 Siltstone; c-vf; poor sorting; subangular (a-sr) 

clasts; 5% dark minerals, 2% carbonaceous material; 

medium grey, weathering grey; moderately resistant; 

sharp lower contact. 
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Sample 
Number 


$330-1 


bs3i-1 


$332-1 


$333-1 


$334-1 


$335-1 
$336-1 


Sasi 1 


S338=1 


S339~1 


$340-1 


$341-1 


$342-1 
$343-1. 


$344-1 


Thick- Position 
ness (metres 
(metres) from base) 


A-50 


Description 


ae a a 


0.1 423.1 
0.35 423.4 
0.88 424.1 
Lek 424.9 
6.0 430.9 
1.6 43355 
Za 435.1 
1.45 436.9 
0.45 437.5 
1#25 437.9 
0.4 CE NS AP 
0.25 439...5 
0.85 440.1 
2.0 441.3 
0.2 442.5 
0.3 442.7 


Claystone; c-s; moderate sorting; medium grey, 
weathering grey; recessive; sharp lower contact. 


Sandstone, very fine (s-f) grained; moderate 
sorting; angular (va-sa) clasts; 5% dark minerals, 
2% carbonaceous material. 


Claystone; well sorted; dark green grey, 
weathering green grey; recessive; sharp lower 
contact. 


Siltstone; s-vf; well sorted; angular (va-sa) 
clasts; 1% dark minerals, 0% carbonaceous material; 
mud clasts; dark green grey, weathering green 
grey; resistant; sharp lower contact. 


Covered. 
Claystone; no sample; red and green; recessive. 


Siltstone; c-s; poor sorting; 7% dark minerals, 
% carbonaceous material; mud clasts; dark grey, 
weathering grey; resistant; sharp lower contact. 


Claystone; well sorted; 0% dark minerals, 0% 
carbonaceous material; mottled red and green; 
moderately resistant; sharp lower contact. 


Siltstone; c-vf; moderate sorting; subangular 
(a-sr) clasts; 3% dark minerals, 1% carbonaceous 
material; banded red and green; moderately 
resistant; sharp lower contact. 


Claystone; c-s; poor sorting; 5% dark minerals, 
2% carbonaceous material; red and green, weather- 
ing red; moderately resistant; sharp lower contact. 


Siltstone; no sample; green; moderately resistant; 
sharp lower contact. ; 

Siltstone; c-£; poor sorting; bioturbated; red 

and green, weathering maroon; moderately resistant; 
sharp lower contact. 

Claystone; c-s; poor sorting; 0% dark minerals, 

0% carbonaceous material; bioturbated; faintly 

yed and green, weathering grey; moderately 
resistant; sharp lower contact. 

Claystone; c-f; poor sorting; 0% carbonaceous 
material; mud clasts; olive grey, weathering grey; 
recesSive; sharp lower contact. 

Siltstone; c-s; moderate sorting; 0% dark minerals, 
0% carbonaceous material; mud clasts; olive grey, 
weathering grey. 

Claystone; poor sorting; mud clasts; red and 

green, weathering red and grey; recessive; sharp 
lower contact. 
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Position 
(metres 
from base) 


A=51 


Description 


Sa ee ee ee 


Thick- 
Sample ness 
Number (metres) 
$345-1 0.8 
$346-1 0.4 
$347-1 0.5 
$348-1 Oxi 
§349-1 0225 
$350-1 0.20 
S351-1 0.15 
$352-] 0.55 
$353-1 Orel 
$354-1 Ou 
$355-1 2.6 
$356-1 0.9 
$357-1 0.4 
$358-1 0.55 
0.2 


$359-1 


443.4 


443.9 


444.3 


444.7 


444.9 


445.2 


445.3 


445.8 


446.0 


446.1 


447.7 


449.) 


448.9 


450.3 
450.7 


Claystone; c-f; poor sorting; bioturbated; olive 
grey, weathering grey; moderately resistant; 
sharp lower contact. 


Claystone; c-vf; poor sorting; 5% dark. minerals, 
2% carbonaceous material; olive grey, weathering 
red; recessive; sharp lower contact. 


Siltstone; c-vf; poor sorting; dark grey, 
weathering grey; moderately resistant; sharp 
lower contact. 


Claystone; c-s; moderate sorting; occasional plant 
remains; dark green grey, weathering red and green; 
recessive; sharp lower contact. 


Siltstone; no sample; grey; recessive; sharp lower 
contact. 


Claystone; well sorted; 0% carbonaceous material; 
dark grey, weathering grey; recessive; sharp 
lower contact. 


Siltstone; c-vf; poor sorting; angular (va-sa) 
Clasts; 0% dark minerals, O% carbonaceous material; 
bioturbated; dark green grey, weathering grey; 
recessive; sharp lower contact. 


Claystone; well sorted; 0% carbonaceous material; 
dark grey, weathering grey; recessive; sharp 
lower contact. 


Sandstone, very fine (s-f) grained; moderate 
sorting; angular (va-sa) clasts; 5% dark minerals, 
0% carbonaceous material; dark grey, weathering 
grey; resistant; sharp lower contact. 


Claystone; moderate sorting; 5% carbonaceous 
material; medium grey, weathering grey; recessive; 
sharp lower contact. 

Siltstone; c-vf; poor sorting; angular (va-sa) 
clasts; 0% carbonaceous material; dark green grey, 
weathering grey; moderately resistant; sharp 
lower contact. 

Sandstone, very fine (c-f) grained; poor sorting; 
angular (va-sa) clasts; 1% dark minerals, 0% 
carbonaceous material; medium grey, weathering 
grey; resistant; sharp lower contact. 


Claystone; moderate sorting; 0% carbonaceous 
material; dark grey, weathering grey; resistant; 
sharp lower contact. 

Same as S357-1. 


Siltstone; c-f; poor sorting; angular (va-a) 
clasts; 2% carbonaceous material; medium grey, 
weathering grey; recessive; sharp lower contact. 
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A-52 
Thick- Position 

Sample ness (metres : 

Number (metres) from base) Description 

Se a Al tee ee a = 

S360-1 0.3 451.0 Claystone; moderate sorting; 8% carbonaceous 
material; medium grey, weathering grey; recessive; 
sharp lower contact. 

$361~1 0.25 451.2 Same as S360-1. 

S$362-1 Oe 451.4 Same as S360~1. 

$363-1 We 4 452.1 Claystone; c-s; poor sorting; bioturbated; 
slickensides; medium grey, weathered grey; 
recessive; sharp lower contact. } 

$364-1 Ors 451.9 Siltstone; c-s; poor sorting; mud clasts; dark 
green grey, weathering grey; sharp lower contact. 

$365-1 0.65 453.4 Siltstone; c-vf; poor sorting; 0% dark minerals, 
0% carbonaceous material; mud clasts; dark green 

grey, weathering grey; resistant; sharp lower 
' ° contact. 

$366-1 mats 454.1 Claystone; well sorted; occasional plant remains; 
Gark green grey, weathering grey; recessive; 
sharp lower contact. 

$367-1 0.9 455.4 Claystone; moderate sorting; occasional transported 
calcareous algal balls; olive grey, weathering 
grey; resistant; sharp lower contact. 

S368-1 0.2 456.0 Claystone; moderate sorting; mud clasts; dark 
grey, weathering grey; recessive; sharp lower 
contact. 

, §369-1 Om 456.1 Same as $368-1. 

$370-1 0.18 456.4 Same as S371-1. 

So7i=1 je 456.9 Claystone; well sorted; 0% carbonaceous material; 
bioturbated; dark grey, weathering grey; moderately 
resistant; sharp lower contact. 

$372-1 GAs 458.9 Same as S$371-1. 

$373-1 On7 459.6 Siltstone; well sorted; 0% dark minerals, 0% 
carbonaceous material; mud clasts; dark green grey, 
weathering grey; moderately resistant; sharp 
lower contact. 

$374~1 Dae 461.5 Claystone; well sorted; 0% dark minerals, 0% 
carbonaceous material; medium grey, weathering 
grey; moderately resistant; sharp lower contact. 

$375-1 0.3 462.2 Siltstone; c~s; poor sorting; 2% dark minerals, 

= 0% carbonaceous material; mud clasts; medium grey, 
weathering grey; moderately resistant; sharp 
lower contact. 

$376-1 0.15 462.5 Claystone; moderately sorted; 0% dark minerals, 


0% carbonaceous material; medium grey, weathering 
grey; recessive; sharp lower contact. 


$377-1 (oak 462.6 Same as S376-l. 
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Thick- Position A~53 


Sample ness (metres 

Number (metres) from base) Description 

[Sr ee a ee ee 

$378-1 0.85 463.2 Claystone; c-s; poor sorting; 3% dark minerals, 
2% carbonaceous material; medium grey, weathering 
grey; recessive; sharp lower contact. 


So79= 0825 463.6 Claystone; c=s; poor sorting; 0% carbonaceous 
material; bioturbated; dark green grey, weathering 
green grey. 


S380-1 La 463.4 Claystone; well sorted; mud clasts; medium grey, 
weathering grey; recessive; sharp lower contact. 


' §381-1 0.45 464.2 Same as S380-l. 
AO HOS 5 2 Covered. 


§382-1 IL Gf: 466.5 Sandstone, very fine (s-f) grained; moderate 
sorting; angular (va-sr) clasts; 15% dark minerals, 
5% carbonaceous material; small trough cross-beds; 

’ medium grey, weathering grey; moderately resistant. 


$383-1 0235 467.2 Siltstone; c-vf; poor sorting; angular (va-sa) 
clasts; 3% dark minerals, 1% carbonaceous material; 
mud clasts; dark green grey, weathering grey; 
moderately resistant; sharp lower contact. 


$384-1] 0.4 467.6 Claystone; c-s; moderate sorting; 0% carbonaceous 
material; dark grey, weathering grey; recessive; 
sharp lower contact. 


$385-1 ibs 468.5 Claystone; well sorted; 0% carbonaceous material; 
light grey, weathering grey; moderately resistant; 
sharp lower contact. 


$386-1 4.0 472.1 Claystone; c-s; moderate sorting; 0% carbonaceous 
material; bioturbated; medium grey, weathering 
grey; moderately resistant; sharp lower contact. 


S387-1 Mats 474.1 Sandstone, very fine(s-f) grained; poor sorting; 
angular (va-sa) clasts; 10% dark minerals, 3% 
carbonaceous material; mud clasts; dark green 
grey, weathering grey; moderately resistant; sharp 


lower contact. 

S388-1 4.0 476.6 Claystone; c-s; moderate sorting; 0% carbonaceous 
material; bioturbated; light grey, weathering grey; 
recessive; sharp lower contact. 


$389-] 2.18 479.7 Same as S388-1. 


S390-1. On25 481.0 Claystone; c-s; poor sorting; 0% carbonaceous 
material; mud clasts; medium grey, weathering 
grey; recessive; sharp lower contact. 


$391-1 Oe 5; 481.2 Sandstone; very fine grained; well sorted; sub-~- 
angular (a-sa) clasts; 10% dark minerals, 0% 


carbonaceous material; medium grey, weathering 
grey; moderately resistant; sharp lower contact. 


$392-1] 2.6 482.8 Claystone; well sorted; 0% dark minerals, 0% 
carbonaceous material; bioturbated; medium grey, 


weathering grey; sharp lower contact. 
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Sample 
Number 


5393-1 


$394-1 


Sogo— 


8396-1 


mo97—1 


$398-1 


Soo) 
$400-1 
$401-1 


8402-1 


~$403-1 


S404-] 
S405-1 


Thick- 
ness 


(metres) 


0.35 


Z0.7 


0.25 


0.25 


0.85 


Position 
(metres 
from base) 


484.1 


484.8 


485.1 


485.4 


485.7 


486.3 


486.9 
488.1 
490.7 


492.1 


494.1 


495.1 
496.5 


A-54 


Description 
See Se ee a See 
Claystone; c-s; moderate sorting; 1mm laminations; 
bioturbated; dark grey, weathering grey; recessive; 
sharp lower contact. 


Siltstone; c-f; poor sorting; 8% dark minerals, 
3% carbonaceous material; 6mm laminations; olive 
grey, weathering grey; resistant; sharp lower 
contact. 


Claystone; c-s; moderate sorting; 10% dark 
Minerals, 5% carbonaceous material; medium grey, 
weathering grey; recessive; sharp lower contact. 


Sandstone, very fine (s-f) grained; poor sorting; 
subangular (a-sa) clasts; 10% dark minerals, 2% 
carbonaceous material; medium grey, weathering 
grey; resistant; sharp lower contact. 


Claystone; c-s; moderate sorting; 0% carbonaceous 
material; medium grey, weathering grey; recessive; 
sharp lower contact. 


Sandstone, very fine (s-f) grained; poor sorting; 

% carbonaceous material; bioturbated; dark green 
grey, weathering grey; moderately resistant; 
sharp lower contact. 


Claystone; well sorted; medium; 
grey, weathering grey; moderately resistant; 
gradational lower contact. 


Claystone; well sorted; bioturbated; dark green 
grey, weathering grey; recessive; sharp lower 
contact. 


Siltstone; c~vf; moderate sorting; 3% dark minerals, 
1% carbonaceous material; dark green grey, weather- 
ing grey; recessive; gradational lower contact. 


Sandstone, very fine (c-~f) grained; poor sorting; 
very angular (va-sa) clasts; 10% dark minerals, 

% carbonaceous material; dark green grey, 
weathering green grey; recessive; gradational 
lower contact. 


Siltstone; c-s; moderate sorting; 2% dark minerals, 

% carbonaceous material; large calcareous con- 
cretions; bioturbated; dark green grey, weathering 
green grey; recessive; sharp lower contact. 


Same as S403-1. 


Sandstone, very fine (s-f) grained; moderate 
sorting; angular (va-sa) clasts; 5% dark minerals, 
2% carbonaceous material; green grey, weathering 
brown green; recessive; sharp lower contact. 


gone of faulting where the Mill Creek Formation 
is thrust over the Blackstone Formation. 


Top of Mill Creek Formation 


Total thickness is 89 metres 
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A=55 
BURNT TIMBER CREEK MEASURED SECTION 


Beaver Mines Formation 


Thick- Position 
Sample ness (metres 
Number (metres) from base) Description 


—_—_——— 


Ba 0.8 0.4 Sandstone, fine-grained (vf-m); poorly sorted; 
angular clasts (va-sa); 15% dark mineral, 8% 
carbonaceous materia; dark green grey, weathering 
grey; resistant; sharp lower contact. 


B2-1 28 1.9 Sandstone, fine-grained (vf-m); moderate sorting; 
subangular clasts (a-sa); 10% dark minerals, 5% 
carbonaceous material; dark green grey, weathering 
grey; resistant; sharp lower contact. 


B3-1 1.0 3.4 Sandstone, fine-grained (silt~fine); poorly sorted; 
subangular clasts (a-sr); 11% dark minerals, 8% 
carbonaceous material; dark green grey, weathering 
grey; resistant; sharp lower contact. 


B4-1 1.6 4.4 Sandstone, fine-grained (silt-med); poorly sorted; 
angular clasts (a-sa); 8% dark minerals, 5% 
carbonaceous material; dark green grey, weathering 
grey; resistant, sharp lower contact. 


B5-1 g's) Sols! Sandstone, very fine-grained (vf-f); moderate 
sorting; angular clasts (va-a); 10% dark minerals, 
2% carbonaceous material; occasional plant frag- 
ments; olive grey, weathering brown grey; resistant; 
sharp lower contact. 


B6-1 Org 69 Sandstone, medium grained (vf-m); poorly sorted; 
subangular clasts (a-sa); 5% dark minerals, 13% 
carbonaceous material; dark green grey, weathering 
green grey; resistant; sharp lower contact. 


B7-1 AyeK0: 8.9 Sandstone, very fine (s-f); poorly sorted; sub- 
angular clasts (a-sa); 15% dark mineral, 2% car- 
bonaceous material; plant fragments; dark green 
grey, weathering dark grey; resistant; gradational 


lower contact. 


aed 2 nes 9.9 Siltstone; (c-vf); poorly sorted; very angular 
clasts (va-a); 10% carbonaceous material; plant 
fragments; olive black, weathering dark grey; 
resistant; gradational lower contact. 


B8~}. OF Om? Sandstone, very fine-grained (s-f); poorly sorted; 
angular clasts (va-sa); 5% dark minerals, 1% 
. carbonaceous material; dark green grey, weathering 
i jight grey; resistant; sharp lower contact. 


B9-] 1.2 URS) Sandstone, medium-grained (vf-m); moderate sorting; 
subangular clasts (a-sa); 6% dark minerals, 0% 
carbonaceous material; green grey, weathering green 
grey; resistant; sharp lower contact. 
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Position 
(metres 
from base) 


A-56 


Description 


a Scere eC ee 


Thick- 
Sample ness 
Number (metres) 
BlO-1 2.0 
Bl1-1 eaO 
Bl2-1 qi 4 
B13-1 0.85 
Bl4-1 2.0 
B15-1 20,3 
Bl6-1 0.95 
B17-1 0). BS 
B18-1 0765 
B19-1 i eae) 
B20-1l Was 
B21-1 Ons 
B22-] 0.8 
B23-1 0.5 


14.8 


16.1 


2732 


18.4 


20.7 


IRs 3 


22.8 


271.2 


Siltstone, (c-vf); poorly sorted; angular clasts 
(va-sa); 5% carbonaceous material; olive black, 
weathering dark grey; moderate resistance; grada- 
tional lower contact. 


Siltstone, (c-2); moderate sorting; 2% carbonaceous 
material; dark grey, weathering dark grey; reces- 
Sive; gradational lower contact. 


Sandstone, fine-grained (vf-f); moderate sorting; 
subangular clasts (a-sa); 5% dark minerals, -1% 
carbonaceous material; dark green grey, weathering 
grey; resistant; sharp lower contact. 


Siltstone, (c-s); moderate sorting; 5% carbonaceous 
Material; dark grey, weathering grey; recessive; 
sharp lower contact. 


Sandstone, very fine-grained (s-f£); poor sorting; 
angular clasts (va-sa); 12% dark minerals, 3% 
carbonaceous material; dark green grey, weathering 
grey; moderate resistance; sharp lower contact. 


Claystone, (c-s); moderate sorting; 3% carbonaceous 
material; dark grey, weathering grey; recessive; 
gradational lower contact. 


Sandstone; very fine-grained (vf-f); moderate 
sorting; angular clasts (va-sa); 8% dark minerals, 
1% carbonaceous material; dark green grey, weather- 
ing grey; moderate resistance; sharp lower contact. 
Claystone; silty; well sorted; 1% carbonaceous 
Material; dark grey, weathering dark grey; recessive; 
sharp lower contact. 

Sandstone, very fine-grained (c-f); poorly sorted; 
% carbonaceous material; small’ scale cross-beds; 
dark grey, weathering brown grey; resistant; sharp 

lower contact. 

Claystone; silty; moderate sorting; 1% carbonaceous 
material; concretions; dark grey, weathering dark 
grey; recessive; sharp lower contact. 

Claystone; silty; poor sorting; 4$ carbonaceous 
material; laminated; olive grey, weathering grey; 
resistant; sharp lower contact. 

Claystone; well sorted; dark green grey, weathering 
green grey; sharo lower contact; recessive. 
Siltstone; c-S; poor sorting; dark green grey, 
weathering green grey; moderate resistance; sharp 
lower contact. 

Claystone; silty; poorly sorted; dark green grey, 
weathering green grey; recessive; sharp lower 
contact. 
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A-57 
Thick- Position 

Sample ness (metres 

Number (metres) from base) Description 

ee Le 

B24-1 O72 PHT fais) Claystone; silty; poorly sorted; dark green grey, 
weathering green grey; recessive; snarp lower 
contact. 


B25-1 2022 PAY Siltstone; c-s; poorly sorted; dark grey, weather- 
ing grey; recessive; sharp lower contact. 


B26-1 0.1 PAI RE: Siltstone; c-s; pboorly sorted; dark grey, weather- 
ing grey; recessive; Sharp lower contact. 


B27-1 Os 2159 Claystone; well sorted; dark green grey, weathering 
green; recessive; gradational lower contact. 


B28-1 O235 20m Sandstone; very fine-grained (s-f); moderate 
sorting; 5% dark minerals, 0% carbonaceous material; 
mud pellets; dark green grey, weathering brown grey; 
moderate resistance; sharp lower contact. 


B29-1 0.6 Zoe! Claystone; well sorted; 1% carbonaceous material; 
bioturbated; dark green grey, weathering green; 
recessive; sharp lower contact; thins laterally 
intorB30=1 2 


B30-1 0.8 2955 Sandstone; very fine (s-vf); moderate sorting; 
angular clasts ‘va-sa); 4% dark minerals, 0% 
carbonaceous material; olive black, weathering 
grey; resistant; sharp lower contact. 


LAS Shas! Covered. 


B31-1 O29 S15 Siltstone; c-vf; moderate sorting; 15% dark 
Minerals, 8% carbonaceous material; 2mm laminations; 
dark green grey, weathering green grey; recessive. 


B32-1 0.75 Si Siltstone; c-s; moderate sorting; 20% dark minerals, 
10% carbonaceous material; dark grey, weathering 
grey; moderate resistance; sharp lower contact. 


B33-1 OF3 S350 Claystone; silty; moderate sorting; dark grey, 
weathering dark grey; recessive; sharp lower 
CcOncact. 


B34-1 0.6 Bisa 8 Sandstone; very fine-grained (s-vf); poor sorting; 
angular (va-a); 15% dark minerals, 7% carbonaceous 
material; 1 mm laminations; dark green grey, 
weathering grey; moderate resistance; sharp lower 


contact. 


BS5=1 0.2 34.1 Siltstone; c-vf; moderate sorting; angular clasts 
(va-sa); dark green grey, weathering brown grey; 
sharp lower contact; moderate resistance. 


B36-1 Oo RE 34.4 Siltstone; c-vf; moderate sorting; angular clasts 
(va-sa)} dark green grey, weathering brown grey; 
sharp lower contact; moderate resistance. 


B37-1 Oot 34.8 Claystone; well sorted; dark grey, weathering dark 
grey; recessive; sharp lower contact. 


B38-1 0.65 S5n0b Siltstone; c-vf£; moderate sorting; 3% dark minerals, 
1% carbonaceous material; dark green grey, weather- 
ing green grey; moderately resistant; sharp lower 


contact. 
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(metres 
from base) 


A-58 


Description 


eet ee ee te 


Thick- 
Sample ness 
Number (metres) 
B39-1 O575 
B40-1 10 
‘B41-1 nba 
B42-1 0.1 
B43-1 Ons: 
B44-) On2 
B45-1 uae 
B46-1 O55 
B47-1 Graal: 
B48-1 (Gia dy 
B49-1 On2 
B50-1 0.3 
B51-1 0.6 


36.9 


STES 


38.4 


38.4 


38.6 


Rie A 


40.0 


40.1 


40.2 


41.1 


Siltstone; c-s; moderate sorting; 4% dark minerals, 
3% carbonaceous material; dark green grey, 
weathering grey; 4mm laminations; moderate 
resistance; sharp lower contact. 


Sandstone; very fine-grained (s-vf); poorly 
sorted; angular clasts (a-sa); 10% dark minerals, 


‘5% carbonaceous material; dark green grey, 


weathering brown grey; resistant; sharp lower 
contact. i 


Sandstone, medium-grained (f-m); moderate sorting; 
very angular clasts (va-a); 20% dark minerals, 

10% carbonaceous material; abundant plant fragments; 
dark green grey, weathering brown; resistant; 
gradational lower contact. 


Sandstone, fine-grained (vf-f); moderate sorting; 
8% carbonaceous material; occasional plant 
fragments; dark green grey, weathering grey; 
recesSive; sharp lower contact. 


Siltstone; c-s; moderate sorting; rare plant 
fragments; dark green grey, weathering grey; 
gradational lower contact; recessive. 


Claystone; silty; moderate sorting; dark green grey, 
weathering grey; recessive; gradational lower 
contact. 


Siltstone; c-vf; poor sorting; 12% carbonaceous 
material; rippling; dark green grey, weathering 


brown grey; resistant; sharp lower contact. 


Sandstone; very fine-grained (s-vf); moderate 
sorting; angular clasts (a-sa); 6% dark minerals, 
2% carbonaceous material; small scale cross-beds; 
load casts; dark green grey, weathering brown 
grey; resistant; sharp lower contact. 


Siltstone; c-vf; moderate sorting; 7% carbonaceous 


material; dark grey, weathering grey; moderately 
resistant; sharp lower contact. 


Claystone; moderate sorting; 10% carbonaceous 
material; small cross-beds; dark grey, weathering 
grey; sharp lower contact. 

Claystone; moderate sorting; 10% carbonaceous 
material; samll cross-beds; dark grey, weathering 
grey; sharp lower contact. 

Claystone; moderate sorting; 10% carbonaceous 
material; small cross-beds; dark grey, weathering 
grey; sharp lower contact. 

Sandstone; very fine-grained (s-f); poorly sorted; 
angular clasts (va-a); 8% dark minerals, 2% 
carbonaceous material; small cross-beds; dark green 
grey, weathering green grey; resistant; sharp lower 


contact. 
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Thick- 
Sample ness 
Number (metres) 
B52-1 On 
B53-1 Oy 
B54-1 (Oks AS 
B55-1 ila 
B56-1 OF 
B57-1 ss 
B58-). OR25 
B59-) OF55 
‘B60-1 0.2 
B6l-1 0.3 
B62-1 0.45 
B63-1 0.25 
B64~] 0.35 
B65-] 0.4 


Position 
(metres 
from base) 


eee 


41.4 


41.5 


“41.6 


42.3 


43.0 


44.1 


44.6 


45.2 


45.7 


A-59 


Description 


Claystone; silty; moderate sorting; dark green 
grey, weathering grey; recessive; sharp lower 
contact. 


Sandstone; fine-grained (s-f); poor sorting; 
angular clasts (va-sa); 5% dark minerals, 3% 
carbonaceous material; occasional plant fragments; 
dark green grey; weathering brown grey; moderately 
resistant; sharp lower contact. 


Sandstone; fine-grained (s-f); poor sorting; . 
angular clasts (va-sa); 5% dark minerals, 33% 
carbonaceous material; occasional plant fragments; 
dark green grey; weathering brown grey; moderately 
resistant; sharp lower contact. 


Siltstone; c-s; poor sorting; 10% carbonaceous 
material; small cross-beds; dark grey, weathering 
grey; resistant; gradational lower base. 


Claystone; well sorted; dark grey, weathering grey; 
recessive; sharp lower contact. 


Sandstone, very fine-grained (s-vf£); moderate 
sorting; very angular clasts (va-a); 10% dark 
minerals, 2% carbonaceous material; trough cross- 
beds; dark green grey, weathering grey; resistant; 
sharp lower contact. 


Sandstone, very fine-grained (s-vf); moderate 
sorting; very angular clasts (va-a); 10% dark 
minerals, 2% carbonaceous material; trough cross- 
beds; dark green grey, weathering grey; resistant; 
sharp lower contact. 


Sandstone, medium grained (f-m); moderate sorting; 
angular clasts (va-sa); 8% dark minerals, 1% 
carbonaceous material; dark green grey, weathering 
green grey; resistant; sharp lower contact. 


Sandstone, very fine-grained (s-f); poor sorting; 
angular clasts (a-sa); 5% carbonaceous material, 
dark green grey, weathering grey; moderatly 
resistant; gradational lower contact. 


Siltstone; c-s; poorly sorted; 5% carbonaceous 
material; dark grey, weathering grey; recessive; 
gradgational lower contact. 

Sandstone; very fine-grained (s-f£); poorly sorted; 
very angular clasts (va-a); 5% carbonaceous material; 
@ark green grey, weathering grey; moderatly resis- 
tant; sharp lower contact. 


Same aS B64-1l. 


Claystone; silty; moderate sorting; dark green 
grey, weathering grey; recessive; sharp lower contact. 


Siltstone; c-vf; poor sorting; angular clasts (va-a); 
33 carbonaceous material; Gark green grey, weathering 


brown grey; recessive; sharp lower contact. 
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Thick- Position 2 aac 
Sample ness (metres 
Number (metres) from base) Description 
I ee 
Za 49.75 Covered 
B66~-1 2.0 47.7 Sandstone; medium grained (f-m); moderate sorting; 


angular clasts (a-sa); 10% dark minerals, 1% 
carbonaceous material; large trough cross-beds; 
green grey, weathering grey; moderately resistant. 


B66-2 PIO, 49.7 Same as B66-l] 


_B66-3 £25 SS Sandstone, fine-grained (f-m); -moderate sorting; 
angular clasts (a-sa); 8% dark minerals, 18% 
carbonaceous material; large trough cross-beés; 
moderately resistant; green grey, weathering grey; 
gradational lower contact. 


B67-1 AAG) 55.2 Sandstone; fine-grained (vf-f); poorly sorted; 
angular clasts (va-a); 15% dark minerals, 53% 

; carbonaceous materia]; dark green grey, weathering 
brown grey; resistant; sharp lower contact. 


B67-2 5.0 Bw Same as B67-1. 


B68~]. 2.0 61.2 Sandstone; fine-grained; well sorted; angular 
clasts (a-sa); 8% dark minerals, 3% carbonaceous 
material; dark green grey, weathering grey; 
resistant; gradational lower contact. 


B69~-) 220 62.4 Sandstone; fine-grained (vf-f); moderately sorted; 
angular clasts (a-sa); 8% dark minerals, 2% 
carbonaceous material; dark green grey, weathering 
grey; resistant; gradational lower contact. 


B69-2 8 64.2 Sandstone; very fine-grained (s-f); poorly sorted; 
angular clasts (va-a); 6% dark minerals, 3% 
carbonaceous material; dark green grey, weathering 
grey; resistant; gradational lower contact. 


B70-1 0.65 66.1 Same as B69-2. 

B7i-1 Ons 66.9 Siltstone; c-s; poorly sorted; asummetrical ripple 
marks; dark green grey, weathering grey; recessive; 
sharp lower contact. 


B72-1 ORS (igi Claystone; well sorted; dark grey, weathering grey; 
recessive; gradational lower contact. 


B73-1 0.45 67.5 Sandstone; very fine-grained (c-f); poorly sorted; 
5% dark minerals, 1% carbonaceous material; Gark 
green grey, weathering grey; moderately resistant; 
sharp lower contact. 


B74~] 0.1 (a Ate! Claystone; silty; moderate sorting; dark grey, 
weathering grey; recessive; sharp lower contact. 
2.0 69.8 Covered 
B76-1 2.6 71.4 Same as B74-1 
1.05 UES: Covered 


B78-] oe3 15.2 Same as B74-1 
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Thick- Position 
Sample ness (metres 
Number (metres) from base) 
B79-1 0235 ded ak 
B80-1 he (9; WUE 
Be1-1 PAG 80.5 
B82-1 0.3 lL 7/ 
B84-1 20 82.8 
4.0 87.8 
B85~-1 25 88.5 
B86-1 is 89.9 
het 92.3 
B87-1 1.9 S355 
B88-1 0.35 94.5 
B89-] 0.8 95.2 
B90-1 OF2 - 95.5 
B91-1 0.75. 96.1 


A-61 


Description 


Sandstone; very fine-grained (c-vf); poor sorting; 
6% carbonaceous material; dark green grey, weather- 
ing brown grey; moderately resistant; sharp lower 
contact. 


Sandstone, very fine-grained (vf-f); moderate 
sorting; angular clasts (va-sa); 8% dark minerals, 
2% carbonaceous material; dark green grey, 
weathering brown grey; moderately resistant; sharp 
lower contact. i 


Sandstone; very fine-grained (s-f); poor sorting; 
angular clasts (va-sa); 5% dark minerals, 3% 
carbonaceous material; dark green grey, weathering 
green grey; mocerately resistant; gradational 
lower contact. 


Siltstone; sandy; moderate sorting; angular clasts 
(va-a); 5% dark minerals, 3% carbonaceous material; 
dark grey, weathering grey; resistant; sharp lower 
contact. 


Claystone; silty; pocr sorting; 8% carbonaceous 
material; moderately resistant; dark green grey, 
weathering grey; sharp lower contact. 


Covered 


Claystone; well sorted; dark grey; weathering dark 
grey; recessive. 


Sandstone; medium grained (f-m); moderate sorting; 
angular clasts (a~sa); 6% dark minerals, 4% car- 
bonaceous material; dark green grey, weathering 
grey; moderately resistant; sharp lower contact. 


Covered. 


Claystone; well sorted; dark grey, weathering grey; 
recesSive. 


Sandstone; very fine-grained (s-vf£); moderate 
sorting; angular clasts (va-a); 3% dark minerals, 
2% carbonaceous material; dark green grey, weather- 
ing grey; resistant; sharp lower contact. 


Sandstone, medium grained (f-m); poor sorting; 

very angular clasts (va-a); 6% dark minerals, 

2% carbonaceous material; green grey, weathering 
green grey; resistant; sharp lower contact. 
Sandstone, very fine-grained (s-f£); moderate 
sorting; very angular clasts (va-a); 4% dark 
minerals, 2% carbonaceous material; dark green grey, 
weathering grey; moderately resistant; sharp lower 


contact. 


Claystone; moderate sorting; occasional plant 
fragments; dark grey, weathering grey; recessive; 
sharp lower contact. 
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Position 
(metres 
from base) 


A-62 


Description 


ae ee 


Thick- 
Sample ness 
Number (metres) 
B92-1 0.45 
B93-1 (yal 
B94-1 145 
B95-1 0.6 
B96-1 OF 
B97-1 nO) 
B98~1 0.4 
B99-] 0.4 
B100-1 O=2 
B101-1 eS 
Bl02-1 0.5 
‘B103-1 2.0 
0.95 
B1l01-1 0.85 
B105-1 eae 


96.6 


9639 


L97.5 


93..9 


OR 
SIRS 


100.6. 


100.9 


LOR2 


101.8 


102.9 


104.5 


106.0 
106.2 


107.1 


Sandstone; fine-grained (vf-f£); poor sorting; 
angular clasts (va-a); 15% dark minerals, 4% 
carbonaceous material; dark green grey, weathering 
grey; resistant; sharp lower contact. 


Combined with B94-1l. 


Sandstone; very fine-grained (s-vf); poor sorting; 
angular clasts (va-a); 8% dark minerals, 3% car- 
bonaceous material; large trough cross~beds; -dark 
green grey, weathering grey; resistant; sharp lower 
contact. 


Siltstone; sandy; moderate sorting; very angular 
clasts (va-a); .7% dark minerals, 3% carbonaceous 
material; mud clasts; dark green grey, weathering 
grey; moderately resistant; sharp lower contact. 


Combined with B95-1. 


Sandstone; very fine-grained (s-vf); moderate 
sorting; very angular clasts (va-a); 10% dark 
Minerals, 2% carbonaceous material; large trough 
cross~beds; dark green grey, weathering grey; 
resistant; sharp lower contact. 


Combined with B97-1. 


Sandstone; very fine-grained (vf-f); moderate 
sorting; angular clasts (va-sa); 10% dark minerals, 
6% carbonaceous material; dark green grey, weather- 
ing grey; resistant; sharp lower contact. 


Claystone; silty; poor sorting; dark grey, 
weathering grey; recessive; sharp lower contact. 


Sandstone; very fine-grained (s-f); moderate sorting; 
angular clasts (va-sa); 15% dark minerals, 5% 
carbonaceous material; dark green grey, weathering 
green grey; resistant; sharp lower contact. 


Claystone; well sorted; dark grey, weathering grey; 
recessive; sharp lower contact. 


Siltstone; c-vf; moderate sorting; very angular 
clasts (va-a); 5% dark minerals, 2% carbonaceous 
material; dark green grey, weathering grey; 
moderately resistant; sharp lower contact. 


Covered. 


Sandstone; medium grained (f-m); moderate sorting; 
angular clasts (a-sa); 10% dark minerals, 4% 
carbonaceous material; resistant; dark green grey, 
weathering green grey; sharp lower contact. 


Sandstone; very fine-grained (s-f); poor sorting; 
angular clasts (va-sa); 5% dark Minerals, 3% 
carbonaceous material; occasional plant fragments; 
dark green grey, weathering grey; moderately 
resistant; sharp lower contact. 
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Thick- 
Sample ness 
Number (metres) 
B1l06-1 On2 
1.0 
B107-1 3 
1.8 
Bl08-1 O'S 
B109-1 OFS 
B110-1 0.2 
Blll-t : 
Bl12-1 O}s 5} 
B1il3-1 Las 
B114-1 12.0 
Bli5-1 S® 
Bll6-1 LO) 
Bl17~1 V9 
B118-1 a5 
B119-1 r 
teO 


B120-1 


Position 
(metres 
from base) 
nnn ee eee 


ACT SS 
108.3 
108.8 


21119 


21125 


Lie? 


Ie sal 


a bike Bey 
dal Sig S) 


114.1 


AES 22 


11655 


USS (8, 


120.5 


125.0 


A-63 


Description 


Combined with Bl05-1. 
Covered. 


Sandstone; very fine-grained (c-f); poor sorting; 
angular clasts (a-sa); 5% dark minerals, 33 
carbonaceous material; mud clasts; dark green grey, 
weathering green; recessive. 


Covered. 


Siltstone; c-s; moderate sorting; occasional: plant 
fragments; dark green grey, weathering green; 
recessive. 


Claystone; silty; poor sorting; 5% dark minerals; 
recessive; dark green grey, weathering green; 
gradational lower contact. 


Siltstohe, c-s; poor sorting; dark green grey, 
weathering green; recessive; gradational lower 
contact. 


Covered. 


Claystone; well sorted; bioturbated; dark grey, 
weathering grey; recessive. 


Siltstone; c-f; poor sorting; angular clasts (va-sa); 
5% dark minerals, 2% carbonaceous material; dark 
green grey, weathering green grey; recessive; sharp 
lower contact. 


Claystone; well sorted; bioturbated; dark grey, 
weathering grey; recesSive. 


Sandstone; coarse grained (i-vcr); moderate sorting; 
angular clasts (a-sa); 8% dark minerals, 1% 
carbonaceous material; olive grey, weathering green 
grey; resistant. 


Claystone; silty; moderate sorting; dark grey, 
weathering grey; recessive; sharp lower contact. 


Sandstone; coarse grained (m-vcr); moderate sorting; 
angular clasts (a-sa); 5% dark minerals, 0% car- 
bonaceous material; large trough cross-beds; olive 
grey, weathering green grey; resistant; sharp lower 
contact. 


Sandstone; coarse grained, pebbly; poor sorting; 
angular clasts (a-sa); 10% dark minerals, 3% 
carbonaceous material; olive grey, weathering green 
grey; resistant; sharp lower contact. 


Same aswBL1L7=2 


Sandstone; medium grained; moderate SOreingeisub— 
angular clasts (a-sa); 15% dark minerals, 2% 
carbonaceous material; olive grey, weathering green 
grey; resistant; sharp lower contact. 


Same as BlLI9=2- 
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Position 
(metres 
from base) 


A~64 


Description 


a eee 


Thick- 
Sample ness 
Number (metres) 
B120-2 d0 
B121~1 0.4 
B122-1] ES 2 
B123-1 0.4 
B1l24~1 Ory 
B125-1 Ae 
B126-1 PO) 
B126-2 0.8 
B127-1 A(@) 
B127-2 220 
B127-3 : 
B127-4 DG) 
B127-5 DO 
B127-6 Peele 


126.8 


127.6 


128.5 


129.2 
229.8 


130.8 


bien ane 


PS3mna 
133.9 


135.9 


143.9 


Sandstone; coarse grained (m-cr); moderate sorting; 
subangular clast (a-sa); 103 dark minerals, O% 
carbonaceous material; olive grey, weathering 

grey; resistant; sharp lower contact. 


Sandstone; coarse grained (f-cr); poor sorting; 
subangular clasts (a-sa); 8% dark minerals, 1% 
carbonaceous material; mud clasts; olive grey, 
weathering green grey; resistant; sharp lower 
contact. ; 


Sandstone; very coarse grained (m-pebbly); same as 
B1l21)-1. : 


Sandstone; same as B]21-1. 


Sandstone; coarse grained (m-vecr); poor sorting; 

subangular clasts (a-sa); abundant plant remains; 
10% dark minerals, 2% carbonaceous material; mud 

clasts; olive grey, weathering green grey; resis- 
tant; sharp lower contact. 


Sandstone; fine grained (f-m); poor sorting; angulsr 
clasts (a-sr); 15% dark minerals, 4% carbonaceous 
material; mud clasts; olive grey, weathering green 
grey; resistant; sharp lower contact. 


Sandstone; medium grained (f-cr); poor sorting; 
subangular clasts (a-sr); 10% dark minerals, 4% 
carbonaceous material; olive grey, weathering green 
grey; resistant; sharp lower contact. 


Same as B126-1]. 


Sandstone; medium grained (f-m); moderate sorting; 
subangular clasts (a-sa); 15% dark minerals, 8% 
carbonaceous material; abundant plant remains; 
resistant; sharp lower contact. 


Sandstone; medium grained (m-cr); poor sorting; 
angular clasts (a-sa); 10% dark minerals, 2% 
carbonaceous material; dark green grey, weathering 
green grey; resistant; gradational lower contact. 


Samevas Bl27—2% 


Sandstone; medium grained (f-m); moderate sorting; 
subangular clasts (a-sr); 8% dark minerals, 1% 
carbonaceous material; olive grey, weathering green 
grey; resistant; gradational lower contact. 


Sandstone; medium grained (f-m); poor sorting; 
subangular clasts (a-sa); 15% dark minerals, 3% 
carbonaceous material; green grey, weathering 
green grey; resistant, gradational lower contact. 


Sandstone; medium grained (f-m); poor sorting; 
angular clasts (a-sa); 15% dark minerals, 1% 
carbonaceous material; dark green grey, weathering 
green grey; resistant; gradational lower contact. 
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Sample 
Number 


Bl27-7 
B127-8 


B128~-1 


BrZo= 


B130~-1 


BLsi-1 


B13i-2 


B131-3 
B132-1 


B133-1 


B134-1 


B135~1 


B136-1 
B137-1 


B138-} 


Thick- 


ness 


(metres) 


2.0 


Beak 


0.05 


0.85 


0.45 


Position 
(metres 
from base) 


145.93 
147.9 


150.5 


151.0 


BESS ES 


151.6 


15345 


P5505 
156.8 


S74 


160.4 


eS Er rps ats P a ret memes new er sep ae 


A--65 


Description 


Same as B1l27-6. 


Sandstone; fine grained (f~m); poor sorting; 
angular clasts (va~sa); 15% dark minerals, 2% 
carbonaceous material; green grey, weathering 
green grey; resistant; gradational lower contact. 


Sandstone; medium grained (f-m); poor sorting; 
angular clasts (a-sa); 6% dark minerals, 2% 
carbonaceous material; large trough cross-beds; 
dark green grey, weathering green grey; resistant; 
sharp lower contact. 


Siltstone; c-f; poor sorting; 3% carbonaceous 
material; asymmetrical ripple marks; dark grey, 
weathering grey; recessive; sharp lower contact. 


Claystone; fissile; well sorted; dark grey, 
weathering grey; recessive; sharp lower contact. 


Sandstone; fine grained (vf-f£); poor sorting; 
angular clasts (va-sa); 10% dark minerals, 2% 
carbonaceous material; large trough cross-beds; 
dark green grey, weathering green grey; resistant; 
erosional lower contact; erosional relief on base 
of a few feet. 


Sandstone; gradational lower contact; same as 
BS ; 


Same as B-131-2. 


Sandstone; medium grained (f-m); poor sorting; 
subangular clasts (a-sr); 8% dark minerals, 0% 
carbonaceous material; large trough cross-beds; 
green grey, weathering green grey; resistant; 
sharp lower contact. 


Sandstone; very fine grained (s-f); poor sorting; 
angular clasts (va-sa); 4% dark minerals, 2% 
carbonaceous material; rare plant remains; dark 
green grey, weathering green grey; moderately 
resistant; sharp lower contact. 


Siltstone; c-vf; poor sorting; 3% carbonaceous 
material; dark grey, weathering grey; moderately 
resistant; gradational lower contact. 


Claystone; silty; moderate sorting; 1 mm laminations; 
asymmetrical ripples; dark grey, weathering grey; 
recessive; gradational lower contact. 


Combined with B137-1. 


Siltstone; c-s; moderate sorting; 2% dark minerals, 
1% carbonaceous material; dark green grey, weather- 
ing green grey; moderately resistant; sharp lowex 
contact. 

Sandstone; very fine grained (s-f£); poor sorting; 
5% dark minerals, 3% carbonaceous material; angular 
clasts (va-a); resistant; dark green grey, weather- 
ing green grey; sharp lower contact. 
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Position 
(metres 
from base) 


A-66 


Description 


ee ee ee a ns 


Thick- 
Sample ness 
Number (metres) 
B139-1 0.4 
B140-1 SS 
Bl41-1 0.4 
B142-1 2.0 
B1l42-2 eZ 
B143-1 : 
B144-1 ile ¥ 
B145-1 0.53 
B146-1 Lal 
B147-1 0.65 
B148-) Zao 


16050 


161.8 


162.8 


1229 


164.9 
ANSI S51 


166.9 


168.2 


169.2 


aM So Pe) 


L2O. 4. 


Siltstone; c-s; poor sorting; 3% carbonaceous 
Material; dark grey, weathering brown grey; sharp 
lower contact; moderately resistant. 


Claystone; silty; moderate sorting; 2% carbonaceous 
Material; dark grey, weathering grey; recessive; 
sharp lower contact. 


Sandstone; medium grained (f-m); moderate sorting; 


subangular clasts (a-sa); 7% dark minerals, 1% 
carbonaceous material; large trough cross-beds; 
green grey, weathering grey; resistant; sharp lower 
contact. 


Sandstone; medium grained (f-m); moderate sorting; 
angular clasts (a-sa); 8% dark minerals, 2% car- 
bonaceous material; large trough cross-beds; 
resistant; sharp lower contact; green grey, weather- 
ing brown grey. 


Same as B1l42-1. 


Sandstone; medium grained (m-cr); poor sorting; 
angular clasts (a-sa); 10% dark minerals, 3% 
carbonaceous material; occasional plant remains; 
green grey, weathering green grey; resistant; 
sharp lower contact. 


Sandstone; medium grained (f-cr); poor sorting; 
angular clasts (va-sa); 5% dark minerals, 3% 
carbonaceous material; large trough cross~beds; 
mud clasts; occasional plant remains; green grey, 
weathering green grey; resistant; sharp lower 
contact. 


Sandstone; fine grained (vf-m); poor sorting; 
angular clasts (a-sa); 10% dark minerals, 4% 
Carbonaceous material; small trough cross-beds; 
occasional plant remains; green grey, weathering 
green grey; resistant; sharp lower contact. 


Sandstone; medium grained (f-cr); poor sorting; 
angular clasts (a-sa); 8% dark minerals, 3% 
carbonaceous material; large trough cross-beds; 
dark green grey, weathering grey; resistant; 
sharp lower contact. 5 


Sandstone; fine grained (vf-f); moderate sorting; 
subangular clasts (a-sr); 5% dark minerals, 1% 
carbonaceous material; small trough cross~-beds; 
olive grey, weathering brown grey; resistant; 
sharp lower contact. 

Sandstone; fine grained (vf-m); poor sorting; 
angular clasts (a-sa); 8% dark minerals, 4% 
carbonaceous material; large trough cross-beds; 
green grey, weathering grey; resistant; sharp 
lower contact. 
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A-67 
Thick- Position 

Sample ness (metres 

Number (metres) from base) Description 

Se eer aD ee ee ee ea ee 

B148-2 AES Le 2s Sandstone; medium grained (f-m); poor sorting; 
Subangular clasts (a-sa); 10% dark minerals, 4% 
carbonaceous material; large trough cross-beds; 
occasional plant remains; dark green grey, 
weathering grey; resistant; gradational lower 
‘contact. 


B148-3 OeS 173.9 Sandstone; medium grained (f-m); poor sorting; 
angular clasts (va-sa); 15% dark minerals, 8% 
carbonaceous material; small trough cross-beds; 
resistant; gradational lower contact. 


B149-1 OsSia 174.3 Sandstone; fine grained (f-m); moderate sorting; 
angular clasts (a-sa); 6% dark minerals, 0% 
carbonaceous material; olive grey, weathering grey; 
resistant; sharp lower contact. 


B150-1 220 174.6 Sandstone; fine grained (f-m); poor sorting; 
angular clasts (a-sa); 10% dark minerals, 2% 
carbonaceous material; green grey, weathering 
green grey; resistant; sharp lower contact. 


B150-2 2.0 WIKS Same as B150-1. 


B15i~1 Zr 17.6.9 Sandstone; fine grained (f-m); moderate sorting: 
angular clasts (a-sa); 10% dark minerals, 3% 
carbonaceous material; large cross-beds; green grey, 
weathering grey; resistant; sharp lower contact. 


B151-2 ORZ 178.9 Same as B151~1. 

B152-1 0.9 ALPS). fe} Sandstone; very fine grained (s-f£); poor sorting; 
angular clasts (a-sa); 12% dark minerals, 2% 
carbonaceous material; green grey, weathering grey; 
resistant; gradational lower contact. 


B153-1 0.4 180.2 Siltstone; s-f£f; poor sorting; angular clasts (va-a); 
12% dark minerals, 8% carbonaceous material; 2 mm 
laminations; dark green grey, weathering grey; 
recessive; sharp lower contact. 

B154-1 Jak E245 Claystone; well sorted; asymmetrical ripples; dark 
grey, weathering grey; recessive; sharp lower 
contact. : 


B155-1 0.45 182.8 Combined with B154-1 


B156-1 0.8 183.4 Siltstone; c-s; moderate sorting; rare plant 
remains; dark grey, weathering grey; resistant; 
gradational lower contact. 

B157-1 3.65 186.2 Claystone; well sorted; asymmetrical ripple marks; 
Gark grey, weathering grey; recessive; sharp lower 
contact. 

B158-1 L.g@ 187.8 Claystone; silty; moderate sorting; 3% carbonaceous 

material; dark green grey, weathering grey; 
recessive; sharp lower contact. 


B159-1 0.5 188.7 Combined with B158-1. 
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Position 
(metres 
from base) 


A-68 


Description 


ea are mete 


Thick- 
Sample ness 
Number (metres) 
B160-1 0.4 
Bl61-1 Bed lh 
B162-1 0.45 
B163-1 On5 
B1l64~1 0.3 
B165-1 O}gts) 
B166-1 0.1 
B167-1 10 
B168-1 On? 
B169-1 0.34 
B170-1 Pe A8) 
B170-2 28 
B171-1 0.6 
B-171-2 0.55 


169.2 


192.4 


194.5 
195.2 


39556 


196.1 


196.3 


BIG 9 


197.4 


O76 


197.9 


LIQeS 


20055 


ZO203 


Siltstone; c-s; moderate sorting; 4% carbonaceous 


material; dark grey, weathering brown grey; moderately 


resistant; sharp lower contact. 


Claystone; silty; poor sorting; 2% carbonaceous 
Material; asymmetrical ripple marks; dark green 
grey, weathering green grey; recessive; sharp 
lower contact. 


Combined with Bl6l1-1. 


Siltstone; c-s; moderate sorting; 6% carbonaceous 
material; dark green grey, weathering green grey; 
moderately recessive; sharo lower contact. 


Claystone; well sorted; rare plant remains; dark 
green grey, weathering green; recessive; sharp 
lower contact. 


Sandstone; very fine grained (c-vf); poor sorting; 
dark green grey, weathering green grey; recessive; 
sharp lower contact. 


Siltstone; c-vf; poor sorting; dark green grey, 
weathering dark grey; recessive; gradational 
lower contact. 


Claystone; c-s; moderate sorting; 2% carbonaceous 
material; dark green grey, weathering dark green; 
recessive; gradational lower contact. 


Sandstone; very fine grained (s-vf); poor sorting; 
angular clasts (va~a); 5% dark minerals, 3% 
carbonaceous material; mud clasts; dark green grey, 
weathering brown grey; moderately resistant; sharp 
lower contact. 


Siltstone; c-vf; poor sorting; angular clasts (va-a); 


6% Gark minerals, 3% carbonaceous material; dark 
green grey, weathering brown grey; moderately 
resistant; gradational lower contact. 


Sandstone; medium grained (f-m); moderate sorting; 
very angular clasts (va-a); 10% dark minerals, 4% 
carbonaceous material; large trough cross-beds; 
mud clasts; occasional plant remains; green grey, 
weathering grey; resistant; sharp lower contact. 


Sandstone; medium grained (f-cr); poor sorting; 
angular clasts (va-sa); 10% dark minerals, 2% 
carbonaceous material; large trough cross-beds; 
occasional plant remains; green grey, weathering 
grey; resistant; gradational lower contact. 


Sandstone; very fine grained (s-f); poor Sorting; 
angular clasts (a-sa); 10% dark minerals, 6% 
carbonaceous material; mud clasts; dark green grey, 


weathering green grey; resistant. 


Combined with B171-1. 
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Position 
(metres 
from base) 


A-69 


Description 


aa he et er i ee 


Thick- 
Sample ness 
Number (metres) 
B173-1 Oe 
B174-1. Lay 
B175-1 0.6 
ats! 
B176-1 0.2 
B177-1 2.4 
B178-1 Z 
B179-1 0.25 
B180-1 hee 
B181-1 OnSS 
B182-1 0.15 
B183-1 0.8 
B184-1 0.08 
B185-1 0.05 
B186-1] 0.6 
B187~) 0.5 
B188~-] thea 


202.4 


203-5 


204.3 


206.5 
206.6 


208.3 


AMAL (0) 
2Lk.5 


222.0 
212.5 


213.6 


2S 10 


214.2 


PASE 
25s f 


216.1 


Siltstone; c-s; moderate sorting; 5% carbonaceous 
material; bioturbated; dark green grey, weathering 
grey; recessive; sharp lower contact. 


Claystone; well sorted; dark green grey, weathering 
green; recessive; sharp lower contact. 


Sandstone; fine grained (vf-f); moderate sorting; 
mud clasts; dark green grey, weathering green 
grey; moderately resistant. . 


Covered. 


Siltstone; c-s; poor sorting; mud clasts; bioturba- 
tion; dark grey, weathering grey; recessive. 


Claystone; moderate sorting; bioturbation; dark 
green grey, weathering grey; recessive; sharp lower 
contact. 


Covered. 


Siltstone; c~s; 3% carbonaceous material; moderate 
sorting; dark grey, weathering grey; moderately 
resistant. 


Combined with B1l78-1. 


Claystone; well sorted; green, weathering green; 
moderately resistant; sharp lower contact. 


Claystone; silty; poor sorting; 3% carbonaceous 
material; bioturbation; dark grey, weathering 
brown grey; moderately resistant; sharp lower 
contact. 


Claystone; well sorted; 6% carbonaceous material; 
Jmm laminations; symmetrical ripples; dark grey, 
weathering green grey; recessive; sharp lower 
contact. 


Sandstone; fine grained (vf-m); poor sorting; 
angular clasts (va~-sa); 5% dark minerals, 2% 
carbonaceous material; large cross-beds; green grey 
weathering brown grey; resistant; sharp lower 


contact. 

Siltstone; c-f; poor sorting; 2% carbonaceous 
material; dark green grey, weathering brown grey; 
resistant; sharp lower contact. 

Sandstone; fine grained (vf-f); poor sorting; 
angular clasts (va-a); 12% dark minerals, 4% 
carbonaceous material; green grey, weathering 
brown grey; resistant; sharp lower contact. 


Combined with B185-1. 


Claystone; well sorted; rare plant remains; dark 


' green grey, weathering green; moderately resistant; 


sharp lower contact. 


Same as B187-1. 
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Position 
(metres 
from base) 


A-70 


Description 


———————— 


Thick- 
Sample ness 
Number (metres) 
B189-1 © 
B190-1 ARGS) 
B191-1 0.25 
B192-1 1.0 
B193-1 1.0 
B194-1 0.85 
B195-1 0.4 
B196-1 0.8 
B197-1 45 
B198-1 Bed 
* B199-1 C535 
B200-1 0.6 
B20]-1 0735 
PAPAS. 
B203-1 O75 


211.0. 


PAS 2s 
219.47, 


220.4 


221.4 


2eiaS 


222.9 


224.8 
226.5 
PLO cx Pe 


PET GS 


Claystone; silty; moderate sorting; dark grey, 
weathering grey; 8% carbonaceous material; 
recessive; sharp lower contact. 


Same as B189-l. 


Claystone; well sorted; dark green grey, weathering 
green; recessive; sharp lower contact. 


Claystone; silty; moderate sorting; 5% carbon- 
aceous material; dark green grey, weathering .grey; 
resistant; sharp lower contact. 


Claystone; well sorted; dark green grey; weathering 
grey; resistant; sharp lower contact. 


Sandstone; very fine grained (s-f); moderate 
sorting; angular clasts (va-a); 6% dark minerals, 
2% carbonaceous material; dark green grey, 
weathering brown grey; resistant; sharp lower 
contact. 


Siltstone; c-vf; poor sorting; 3% carbonaceous 
Material; dark green grey, weathering hrown grey; 
sharp lower contact; recessive. 


Sandstone; fine grained (vf-f); poor sorting; 
angular clasts (va-sa); 7% dark minerals, 3% 

carbonaceous material; small cross-beds; dark 
green grey, weathering brown grey; resistant; 
sharp lower contact. 


Claystone; well sorted; 0% carbonaceous material; 
green, weathering green; recessive; sharp lower 
contact. 


Siltstone; c-s; poor sorting; 2% carbonaceous 
material; mud clasts; dark green grey, weathering 
brown grey; recessive; gradational lower contact. 


Claystone; well sorted; 0% carbonaceous material; 
dark green grey, weathering green; recessive; 
sharp lower contact. 


Siltstone; c-s; poor sorting; 1% carbonaceous 
material; Imm laminations; dark green grey, 
weathering brown grey; moderately resistant; 

sharp lower contact. 

Claystone; silty; moderate sorting; 2% carbonaceous 
material; dark green grey, weathering brown grey; 
moderately resistant; gradational lower contact. 
Covered. 

Siltstone; c-s; moderate sorting; 1% carbonaceous 
material; dark green grey, weathering grey; 
resistant. 

Claystone; well sorted; dark green grey, weathering 
grey; recessive; sharp lower contact. 


237 


yong 


eae 


sy To 


* 
*~ 


jg Wf. 


or pani 


est 


> 
nee \ t 
ede) 


3: teat we ae rm ie Ne agarep sob 
a | | , ee 3 wool queda 
y Co pa Rabe ae ait, sha ‘york iyita 
sTyLe t E 


if ay ) 7 " ahi at a a way “0 aes “ih. yt “huh daon 

ne ) oe uksunh 

eS opioids Mangal “itty Pe 
brat Nj od” \ eae, rig! ip rats ol ixhiem 

xawol J inf 


Heat. Wotwsobom 


“Solty & tone iJ ox Cota is qoniegwa nt 


vied 


P 
two he ita | 


fi. . 
1 prae ine 
749 


ig OW 


on oe drat Leta 
Ws inated aan 


- Sista % 


r chee aaa) 


fetta mn 
' se uate ; 7 - 


ee sia and 


aan | i a 7 “ 7 1 A a im * 
et ze : i _ y is 
Hf . ‘a ar 
{ ot 
ees <a et ae onto 
Fc Urs 1 aa eed) by 
i _ Wan a 
0 j i re er 
ray ey | 
3 J we bias t pia 
m4 ia _enason), Bist 
peopl teghrceney ee) re ions. OTR Pies: 
uh ws n= Snead tipo er ‘ : 
, ei 
im heat gv hee vii WiedeywtD a.0kS + 
. } ; A yee © peti sow ; 
eam viene 19% aed 
me yk “GET 2 sith end. £7 CES 
- , i. 7 hi Se 
» thew yeerod ayats i) 
i iNMeQoE yoOoTy. j 
ae ¥ ‘ y q : ¥ ~ " 4 / 
: x ap vir PRLS CRAs ay ae? ».O88 
: , oa :\ Vin ieeren gras Ga’ “i ‘ a ik 
2 hey ewes Wee Perrine. 2 131.) anf 
n4 . y i ‘. y / i’ 
Low senatayeED = =| ORE 
\ ine ve (Cane a , 
f ; aX iy + 9 reree ons wi un or) £ SRL 
i} # i a 
Re manda 0: Age iaee ena wi 
F eet te els 2, % £¢ a, ei 
- Fi a * - i 
7 net’ spat 2edlGow a i. 
. }9adnGo 
= his ae irene vouoder Lt we e.855 - 
Loe ont dine aii: (Laas ee Or ye 
AUNT ERMVOO TG eet ‘C2 fi ak I sadly . agua 
. . As i Yy j [=a “- | 7 eG / P D 
EH <1 hae year}, ie a £ Ot & orcs abuthe hogSs. he fl 
FY | hee aay} | ok bt oy talupas | A Shee gene 
i r 7 ne 0 ST we ens erred ¥ ay : ‘ iat i 
Pret 10k Re iho ine, ‘ your ne py'tip igrhe \ Se 
| rs fowl, xia at a. 
va ore aa! ae ths iret Lt eet qoeradie” sw) aes « @ 
cs wae e ha bv: vol ‘ppenk role soap, is : 
io 
me 
ii ay Cae one i greats: Vaal 
‘a : 5 : nue’ ¥ 
nie 1*),. 2rd tery, ve sa) inom sit te rr 
; ‘a ; iy Me ni (iad sey iui» =f wm as 
wi FSi | Hawi ne vk vents at ; ~ 


2: 


2 | 


Sample 
Number 


B204-1 


B205-1 
B206-1 


B207-1 


B208-1 


B209-1 


Thick- Position 
ness (metres 
(metres) from base) 
(0.9 23520 
0.6 WES Pe 
0.4 234.4 
0.9 DESAI: 
0.6 23 0e 1 

237.9 
5 PSX Sie IU 


Total Thickness 


A-71 


Description 


Ne 


Sandstone; medium grained (f-m); moderate sorting; 
angular clasts (a~-sa)' 5% dark minerals, 53% 
carbonaceous material; green grey, weathering grey; 
resistant; sharp lower contact. 


Same as B204-1. 


Sandstone; fine grained; moderate sorting; 
angular clasts (va-a); 3% dark minerals, 0% 
carbonaceous material; grey, weathering grey; 
resistant; sharp lower contact. 


Sandstone; medium grained; poor sorting; angular 
clasts (a-sa); 5% dark minerals, 1% carbonaceous 
material; green grey, weathering grey; resistant; 
sharp lower contact. 


Sandstone; fine grained (vf-f); poor sorting; 
angular clasts (va-a); 0% carbonaceous material; 
green grey, weathering grey; recessive; grada- 
tional lower contact. 


Covered. 


Sandstone; very fine grained (s-m); poor sorting; 
% carbonaceous material; mud clasts; dark grey, 
weathering grey; moderately resistant. 


238.2 metres 


Blackstone Formation 


Dark grey, fissile claystone and minor grey sandstone. 
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Clay claystone 


ott Si itstone 


ek. very fine grained sandstone 


fine fine grained sandstone 


-med+ medium grained sandstone to 


conglomerate 
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